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ARNOLD 6T CORES: 
PROTECTED AGAINST SHOCK, 
VIBRATION, MOISTURE, HEAT... 


AVAILABLE FROM STOCK 


The hermetically-sealed aluminum 
casing method developed exclu- 
sively for Arnold 6T tape cores is 
packed full of advantages for you 

. performance-improving and cost- 
saving advantages. 

It is compact: you can design 
for minimum space/weight re- 
quirements. It’s extra-rigid to pro- 
tect against strains. And it gives 
you maximum protection against 
environmental hazards. Arnold 6T 
tape cores are guaranteed against 
1000-volt breakdown . . . guaran- 


teed to meet military test specs for 


resistance to shock and vibration 

. . guaranteed also to meet mili- 
tary specs for operating tempera- 
tures. They require no additional 
insulation before winding, and can 
be vacuum-impregnated afterward. 

And now a NEW Arnold service: 
immediate delivery on your proto- 
type or production requirements 
for Deltamax 1, 2 and 4-mil Type 
6T cores in the proposed EIA 
standard sizes (see AIEE Publica- 
tion 430). A revolving stock of 
approximately 20,000 Deltamax —————___________"_"™_ 
cores in these sizes is ready for you 
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on warehouse shelves. Subject to 
prior sale, of course, they’re avail- 
able for shipment the same day your 
order is received. 

Use Arnold 6T cores in your de- 
signs. Technical data is available; 
ask for Bulletin TC-101A and Sup- 


plement 2A (dated June’60).@Write 
The Arnold Engineering Company, 
Main Office and Plant, Marengo, Il. 


ADDRESS DEPT. EM-9 


#ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 


BRANCH OFFICES ond ~ BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL in PRINCIPAL 
CITIES © Find them FAST In the YELLOW PAGES 
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INTRODUCING... 


EECO'S 1-MC ALL-WELDED 
NOR CIRCUIT MODULES 


HOW WOULD YOU These new one-megacycle units form important additions 
IMPLEMENT THIS EQUATION to EECO’s all-welded U-Series of NOR Circuit Modules. 


AT RATES UP TO 1 MEGACYCLE? They feature: 
a es All-welded construction for increased reliability. 
x= A (B +C+ DE) (F + GHK) Low cost. 


HERE’S HOW YOU CAN DO IT Extreme versatility — only a minimum number of basic 
unit types to stock. 
USING EECO 1-MEGACYCLE, 


Standardized loading. 
ALL-WELDED NOR CIRCUIT MODULES: Restored levels out of each gate. 


Choice of package styles. 
Miniaturized. 


PACKAGING 
Two packaging styles are available. Both use ALL-WELDED 
electrical connections and both are encapsulated. Rectan- 
gular units with wire leads (to simplify dip-soldering) are 
available for installation on circuit cards. Cylindrical units 
with pins are available for plug-in installation in tube- 
type sockets. 

The cylindrical packages measure 7%” diameter by 1.0” 
seated height. The rectangular packages measure 0.95” 
long by 0.95” wide by 0.5” seated height. 


Our Application Engineering staff stands ready to serve you in 

implementing your digital systems block diagram. Write, wire, or 

phone today for detailed information on the EECO U-Series of 
NOR units or for information on any of our other families 
of digital circuit modules. 


See us at the /SA Show, 1441 EAST CHESTNUT AVENUE + SANTA ANA, CALIFORNIA 
Booth 461. Cable Address: ENGELEX 
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Bodine Motors Give You ADE 
Here’s another example 


(After Delivery Economies) 


“BODINE MOTORS easily meet 


our high standards for 


says Mr. Joseph Konkel 
Chief Mechanical Engineer 
Anelex Corporation 
Boston, Massachusetts 


‘The reputation and reliability of our Anelex 

Print Station is due entirely to our insistence upon 
quality . . . a specification easily met by Bodine, 
and a requirement we'll not sacrifice at any cost. 
We've always used Bodine Motors. Their efh- 
ciency, among other characteristics, is outstanding. 
And Bodine’s wide range of standard motors lets 
us select the proper motor for a particular operation 
without need for costly special modifications.’’ 


Workhorse of the electronic data processing industry is the 
Anelex high speed Print Station which translates com- 
puter language into usable form. It has set the industry 
standard for reliability and has been designed into the 
systems of nineteen major manufacturers of commercial 
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and scientific computers. In this Anelex model, two 
small Bodine capacitor motors drive paper feed and 
print roll mechanisms, a type KCI gearmotor operates 
the ribbon drive. 


Bodine motors actually cost less when you figure final-costs be- 
cause: (1) Closely-held tolerances and uniformity of Bodine motors 
minimize installation cost. (2) Reject rates are low. (3) Bodine 
motors almost never require field servicing. (4) High, consistent 
performance of Bodine motors helps your product earn customer 
satisfaction and repeat sales. Want more details? ... askfor 
Bulletin S-2A. 


Bodine Electric Co., 2506 West Bradley Place, Chicago 18, Illinois 


Circle 105 on Inquiry Card ELECTRO-TECHNOLOGY 





VOLUME 68 SEPTEMBER 
‘'s Electro-Technology “““*: 


Formerly Electrical Manufacturing 


The Design Magazine of Science & Engineering in the Electrical-Electronic Field — a medium of 
technical communication for those working in the following areas of design-engineering activity: 


Research & Development e Components Evaluation e Measurements, Standards, Specifications 
Materials Evaluation e Product or Systems Development e Product or Systems Evaluation 


CONTENTS: 


Digital Logic Modules 
J. R. Riggs 


The Thermistor Bridge 
D. S. Saulson 


Copper-Base Alloy Spring Materials . . 
A. E. Moredock 


Transient Protection for High-Frequency Tr ansistors 
W. D. Roehr 


Unconventional Power Sources — 2 
E. Randall 


M thi Scie > & : . 
ee Electromechanical Energy Conversion . 


Engineering Feoture PL. Alger and E. Erdelyi 


CRYOGENICS: Environment/Phenomena/ Applications 
A. E. Javitz 


Measuring Functional Accuracy of Hall-Effect Generators 
S. Harac 


A Band-Pass Filter Slide Rule 
A. I. Zverev and H. J. Blinchikoff 


Optimal Electromagnet Design 
T. Lindstrom 





——- DEPARTMENTS 


Research Horizons ll Association Activities sala tapes New Components and Materials .. 
Plus or Minus 16 Calendar of Meetings 


This Month’s Cover 16 


k Laboratory and Engineering 
Book Reviews .... : Equipment 


ae Engineering Standards 
Editorial 63 Literature for the Design Engineer 174 
Design Trends . 134 Manufacturers’ Publications . 194 Index to Advertisers .. 


Product Index 


Published Monthly and Copyrighted by C-M Technical Publications Corporation, 205 East 42 Street, New York 17, N.Y. 
Telephone: MUrray Hill 9-3250 


See “In This Issue” for Subject-Classified Abstracts of Articles—Pages 6 and 7 
Editorial Reprints Available .... 164 Science & Engineering Reprints.. 168 Reader inquiry Service 


SEPTEMBER 1961. 





uo) 
| Get ’Em While They’re Hot 
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. . and they’re burning up the presses at 
this very moment. The second edition of 
the now famous G-E Controlled Rectifier 
Manual has been expanded to 19 passion- 
ate chapters, has almost 100 additional 
pages crammed with exciting information 
you can’t afford not to know. A daring in- 
troduction tells you what an SCR is, what 
it isn’t, where it can be applied, and pos- 
sible future applications, among other 
things. There’s a new chapter on static 
switching circuits, and applications for 
the new 2N1929 and CS series low current 
SCR’s. Other compelling new chapters in- 
clude information on DC regulated power 
supplies, the care and feeding of grey 
whiskered ocelots, AC phase control cir- 
cuits, suppressing RFI and other interfer- 
ence in SCR circuits, and the complete 
solution of the Sunday Times crossword 
puzzle, Sept. 3, 1913. 

If that isn’t enough to impress you, the 
chapter on inverter and chopper circuits 
includes basic design techniques for 
Morgan and MacMurray-Bedford circuit 
transformers. AND the chapter entitled 
“Selecting the Right SCR” has a check- 
list referring to the pertinent section of 
the manual, PLUS a chart showing SCR 
current and voltage as a function of load 
and line parameters for major AC and DC 
circuits, including inverters. 

Try to put that in your pipe! And only 
$1.50! Call your G-E District Sales Man- 
ager today. Or write us at Section 20135. 
Order several G-E Controlled Rectifier 
Manuals, 2nd Edition; they make dandy 
Christmas gifts. 


Special Bulletin: G-E announces ad- 
dition of 800 and 1,000 PRV units to 
1N3289 high current 100 amp recti- 
fier line. Rumor says this is first com- 
mercial release of 1,000 PRV rated 
rectifiers in high current range. Fur- 
ther rumor says G-E started rumor, 
based on best information available. 


§ The Whites of Their Eyes? 


You remember at Bunker Hill the fellow 
said “Don’t fire until you see .. .” Pretty 
hard on myopic Minutemen. Firing SCR’s 
doesn’t present nearly as much of a prob- 
lem. We tell you the gate current required. 
In many cases the SCR will provide you 
with an unusually simple, low cost firing 
circuit, like the one shown. It features a 
wide range of stepless phase control, and 
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the total cost of al] the components used 
to fire the G-E 2N1774 SCR is amazingly 
low. 


Half-Wave R-C-Diode Circuit 


n7vae 


Rm 470 2 
P 40K 2 
0.25 mfd 


SCR GE2N1774 
DI GE1N678 
D2 GE 1N681 c 


Gate current to fire the 2N1774 is 15 ma 
at room temperature. Of course, the R-C- 
diode combination shown can’t fire just 
any old SCR. Some require exotic firing 
devices to get the gate current up high 
enough to turn them on. But then too, 
G-E also makes SCR’s which turn on 
with only 200 microamps of gate current. 

So, just to keep the historical references 
consistent, you may fire when ready, 
Gridley, with G-E SCR’s. 


Special Late Bulletin: 50% more 
power in same package or 50% 
smaller package, with no decrease in 
power now possible with new G-E 
miniature Vac-u-Sel® Selenium Rec- 
tifiers. And the secret is out... reason 
tor tremendous improvement is new 
“thin cell” construction (0.010” in 
thickness). Write to Section 20135 
tor complete details. 


| Like David said to Goliath... 


as he nonchalantly stepped over the body, 
“Try more power in a smaller package, 
Daddio.” Take the new G-E subminia- 
ture rectifiers, for example, and consider 
this: PRV’s up to 600 volts; transient 
PRV’s up to 720 volts; average forward 
current up to 400 ma; maximum thermal 
conductance; extremely low level leakage 
currents; low cost. 


Any questions? Write to Section 20135 Recti- 
fier Components Department, General Electric 
Company, Auburn, New York. In Canada: 
Canadian General Electric, 189 Dufferin St., 
Toronto, Ont. Export: International General 
Electric, 150 E. 42nd St., New York 17, N. Y. 


GENERAL 
ELECTRIC 
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IN CLASS F POLYESTER MAGNET WIRE SPECIFY ANATHERM-D FOR IMPROVED 
HEAT SHOCK RESISTANCE, VARNISHABILITY AND UNEXCELLED WINDABILITY 


Anaconda has made important improvements in the 
heat shock resistance, windability, and solvent resistance 
of ordinary polyester magnet wire. The result is 
Anatherm-D, a Class F magnet wire with high thermal 
stability (155C) # High abrasion resistance » Excellent 
flexibility » High dielectric strength = Superior heat 
shock resistance # Unexcelled windability = 


IDEAL FOR ARMATURES AND FIELD WIND- 
INGS. These improvements over standard polyester 
wires make Anatherm-D an outstanding choice for motor 
armatures and field windings, random- and precision- 
wound coils, specialty windings requiring high temper- 
ature resistance, and encapsulated coils. 

2-FILM CONSTRUCTION MAKES THE DIFFER- 
ENCE. The improved performance of Anatherm-D 
results from its two-film construction: an overcoat of 
special terephthalate polyester applied over a base film 
of Anatherm (the industry’s first Class F film-coated 
magnet wire). The outer film contributes outstanding 


VSEPTEMBER 1961 


windability and protection against heat shock and 
mechanical stress. 


CONFORMS TO NEMA AND MIL SPECS. Ana- 
therm-D magnet wire meets all requirements of Spec 
MIL-W-583B for Class 155 Types L, L2, L3, and L4. 
It’s available in all sizes of round, square and rectan- 
gular, with single, heavy, triple and quadruple film 
additions, all conforming with NEMA specifications. 
Anatherm-D is available in all standard Anaconda pack- 
ages: spools, pails, reels and drums. For prices, technical 
data and application information contact Anaconda 
Wire & Cable Company, 25 Broadway, New York 4, 
New York, Department EFL-1-ET. 61272 


ASK THE MAN FROM 


ANACONDA 


FOR ANATHERM-D CLASS F POLYESTER MAGNET WIRE 
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Electro-Technology 


Systems Your Classification: 
Modular Components 


+ Digital Logic Modules 


A survey of the various types of modules that are available 
for performing the basic logic functions: diode gates, transis- 
tor-diode logic, transistor-resistor logic, resistor-capacitor 
transistor logic, and direct-coupled transistor logic. Examples 
give electrical and physical characteristics of units available 
from 26 manufacturers. 


J. R. Riggs, Associate Editor, ELectro-TECHNOLOGY. 
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Your Classification: 


Components, Electrical /Eiectronic 
Power Sources p 


* Unconventional Power Sources — 2 


Theory, electrical characteristics, and state of the art of 
thermionic converters, solar cells, magnetohydrodynamics, 
photoemissive generators, ferroelectric converters, and devices 
utilizing the Austin effect. (Covered in Part 1 were fuel cells 
and thermoelectric devices.) 


E. Randall, International Telephone and Telegraph Corp., San 
Fernando, Calif. 
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Science and Engineering 


Your Classification: 
Mathematics 


A Band-Pass Filter Slide Rule 


In designing filters by the image-parameter method, it is 
usually impractical to draw curves for all possible conditions. 
Here is a usable slide rule for making the necessary calcula- 
tions to design band-pass filters. Insertion losses and attenua- 
tions may be quickly determined with its use. 


A. I. Zverev and H. J. Blinchikoff, Westinghouse Electric Co., 
Baltimore, Md. 
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Instruments & Test Equipment Your Classification: 


Design 


The Thermistor Bridge 


An analysis of the thermistor bridge as applied to temperature- 
control systems. The Thevenin equivalent circuit of the thermis- 
tor bridge enables facile determination of output current and 
the condition for maximum gain. 


D. S. Saulson, Avionics Control Group, The Garret Corp., Los 
Angeles, Calif. 
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Science and Engineering Your Classification: 


Systems 


* Electromechanical Energy 
Conversion 


The behavior of electric machines in power and control sys- 
tems is analyzed from the standpoint of energy flow. Per- 
formance equations, equivalent circuits for dynamic com- 
ponents and both steady-state and transient problems are 
considered, with solutions. 


P. L. Alger, Rensselaer Polytechnic Institute, Troy, N. Y.; and 
E. Erdelyi, University of Delaware, Newark, Del. 
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Components, Electrical/Electronic 
Magnetic Components 


Your Classification: 


Optimal Electromagnet Design 


The inadequacy of the “ampere-turn” concept in electromagnet 
design is demonstrated. The use of the more significant current 
linkage factor is illustrated by design examples. 


T. Lindstrom, Dundee, Florida 
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¢ Quick interpretations of feature-article content 


e Subject-classified annotated references for clipping and pasting on standard 3 x 5 cards 


¥%& Reprints available—see pages 164 and 168. 


For your copy of the ELECTRO-TECHNOLOGY Subject classification for Indexing, circle Number 938 on postcard at end of book. 


Materials, Mechanical/Structural 
Metals 

Components, Mechanical /Structural 
Springs 


Your Classification: 


a Copper-Base Alloy Spring 
Materials 


The properties and limitations of copper-base alloys used in 
spring design are studied. Choice of standard and new mate- 
rials is evaluated for service conditions and design require- 
ments. Included is a specially prepared table of properties, 
specifications and comparative costs of materials. 


A. E. Moredock, Westinghouse Electric Corp., Pittsburgh, rs. 
Electro-Technology 1961 September p 76 6 pp 


Science and Engineering Your Classification: 


Cryogenics: 
Environment /Phenomena / Applications 


\ state-of-the-art examination of the science and technology 
of cryogenics, particularly from the viewpoint of the impact 
on the design of electrical/electronic devices, equipment and 
systems. Effects of environment and induced phenomena on 
fundamental properties and behavior of materials are discussed 
and appropriate data given. Examples of cryogenic design are 
described. The first of a two-part series on the subject. 


A. E. Javitz, Special Features Editor, ELectro-TECHNOLOGY. 


Electro-Technology 


RESEARCH HORIZONS this month. . . 


Projects in capacitor research being carried out under auspices 
of various branches of the D.O.D. deal largely with problems of 
environment and miniaturization. . . . Highlights of exhibits 
at Salon International des Composants Electroniques, Paris, 
are reported. . . . Ultrasonic agitation of liquid coolants shows 
promise of increasing rate of heat transfer from immersed elec- 
tronic components. . . . Niobium solid-electrolytic capacitors 
can be prepared in up to 20-volt ratings with properties com- 
parable to equivalent tantalum components. 


Capacitor Research: Environment and Miniaturization p 11 


Components Notes from France oes pV 


Effect of Ultrasonics on Natural-Convection Cooling 
Systems 


Niobium Solid-Electrolytic Capacitors 


SEPTEMBER 1961 


Components, Electrical/Electronic Your Classification: 
Semiconductor Devices 
Systems 


Control Systems, General 


Transient Protection for 
* High-Frequency Transistors 


Three common types of transistor circuits (video and r-f 
amplifiers, mutually coupled amplifiers, etc.) are analyzed with 
a view to discovering what causes transistor failures due to 
switching transients. Proper means of correction are given. 


W. D. Roehr, Motorola Inc., Phoenix, Ariz. 
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Instruments and Test Equipment Your Classification: 


Design 
Test and Measurement 
Systems 


Measuring Functional Accuracy of 
Hall-Effect Generators 


Method and equipment used on solid-state resolvers to check 
the extent of departure, at any point of rotation, of the Hall 
output from the true sine value. Description of the measuring 
instrument. 


S. Harac, Kearfott Div., General Precision, Inc., Little Falls, 


N. J. 
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COMING UP... 


Electrical Breakdown—Solids and Liquids will be the sub- 
ject of the October issue Science & Engineering article. (The 
February 1961 S & E article covered electrical breakdown in 
gases.) Also in October: Redundancy in Analog Circuits, 
Hyperbolic Functions, Cobalt-Iron Series of Magnetic 
Materials, Microsystem Electronics, Shaded-Pole Motor 
Analysis, and Transformer Specification for Reliable 


Electronic Equipment. 
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Westinghouse announces 
new /0-amp ratings 
in“Rock-Top’ Trinistor 
controlled rectifiers 


Highest rated flag type in the industry. Type 809 Trinistor 
controlled rectifier series, in both flag terminal and flexible lead 
types, now immediately available in production quantities at 
70-amp ratings! Exclusive Westinghouse ‘‘Rock-Top"’ construc- 
tion offers superior electrical and mechanical characteristics for 
greater performance reliability under all operating conditions. 
Provides positive protection against arcing at highest voltages. 
Exclusive new flag terminal design has lower weight... requires 
less headroom. Outstanding parameters include: # 600 nano- 
second switching time a efficiencies in excess of 98% a minimum 
noise level # peak reverse voltages to 480 volts # ideal param- 
eters for high-speed static switch functions. 


Industrial, commercial, and military applications include: high- 
frequency power generation; variable frequency controls; pulse 
generation; ignitron firing; welding control.Trinistors also replace 
thyratrons, contactors, magnetic amplifiers, relays. 


For more information, or technical assistance, contact your 
nearest Westinghouse representative, or write: Westinghouse 
Electric Corporation, Semiconductor Department, Youngwood, 
Penna. You can be sure...if it’s Westinghouse. SC-1046 


For Immediate ‘‘Off-The-Shelf”’ Delivery, Order From These Westinghouse Distributors : 


HALLMARK INSTRUMENTS CORP. 
Dallas, Texas/Ri 7-8933 


EASTERN 
ACK SEMICONDUCTOR, INC 


ee 5, Ala./FA 2-0588 
CAMERADIO Pittsburgh, Pa./EX 1-4000 


CRAMER ELECTRONICS, INC 
in, Mass./CO 7-4700 


ELECTRONIC WHOLESALERS. inc 
a+ Florida/PA 3-144] 
GENERAL RADIO SUPPLY "C0. NC 
Glan N. J./WO 4.8560 
GENESEE RADIO PARTS CO. Buffalo, N. Y./TR 3-966] 
KANN-ELLERT ELECTRONICS, INC. 
Baltimore, Md./TU 9-4242 
MILGRAY ELECTRONICS New York, N. Y./RE 2-4400 
RADIO & ELECTRONIC PARTS CORP. 
Cleveland, Ohio/UT 1-6060 
SCHWEBER ELECTRONICS 
Long Island, N. Y./P1 6-6520 
Silver Spring, Md./JU 5-7023 
MIDWESTERN 
E.C.1. SEMICONDUCTORS, ae, 
'y, Mo. /WE 1-0829 


ELECTRONIC COMPONENTS. von TNoustRy % 
St. Louis, Mo./WO 2-9916 
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INTER-STATE RADIO & SUPPLY CO. 
ee et 4, Colo. /TA 5-8257 
LENERT CO. Houston, Texas/CA 4-2663 
MIDLAND SPECIALTY CO. EI Paso, Texas/KE 3-9555 
ix, Ariz./AL 8-8254 
Albuquerque, N. M./CH 7.0236 
—-. ind. /ME 7-5571 


a 1_/NA 2-8860 
Detroit, Mich./BR 3-2900 
Cincinnati, Ohio/MA 1-6530 


RADIO DISTRIB. CO. 
SEMICONDUCTOR SPEC., 


S. STERLING CO. 
UNITED RADIO, INC. 


ALMAC ELECTRONICS CORP. 
Seattle, Wash./PA 3-7310 
ELMAR ELECTRONICS 


Oakland, Cai./TE 4-3311 
HAMILTON ELECTRO SLS. 
Los Angeles, Cal./BR 2-9154 
Palo Alto, Cal./DA 1-7541 
NEWARK ELECTRONICS, CO. 
Inglewood, Cal./OR 4-8440 





PATTERN FOR PERFORMANCE 


BUCHANAN CYCLE-CONTROLLED CRIMPING TOOLS 


You are looking at a representation of the crimped joint that meets performance requirements of MIL-T- 
22520. 

Tell us your requirements for crimping tools. More than likely, we can meet them — with standard tools 
to conform with military specifications and performance requirements, or by modifying these tools to your 
specific needs. 

Here, at Buchanan — headquarters for crimping tools — the multi-indent crimp is basic in tool design and 
development. It is responsible for high standards of performance in Buchanan cycle-controlled tools for MS 
and other pin and socket contacts — both screw machine and stamped. More than that, it has made practical 
tool designs and mechanisms that often can be modified with special indenters and/or positioners for vari- 


ous types and designs of contacts, both military and commercial. 
A new catalog describes Buchanan cycle-controlled crimping tools for electrical, electronic and mechani- 
cal applications. Write for it on your company letterhead. Ask for bulletin M-9T. 


Buchanan MS-3191-1 (MIL-T-22520 
Class 1!) Cycle-Controlled Hand pres- 
SURE-tool for MS-3190 #20A, #20, #16 
and #12 contacts, MS-24254 and MS- 
24255 #20, #16 and #12 contacts, Pre- 
cision cycle control eliminates possibil- 
ity of under-crimping or over-crimping. 


Buchanan Cycle-Controlled Hand pres- 
SURE-tool for “proprietary” contacts. 
Tool can be adapted by Buchanan to 
crimp specific contacts or to meet speci- 
fied conditions. Crimps can be made to 
meet minimum requirements of various 
commercial or military specifications. 


BUCHANAN ELECTRICAL PRODUCTS CORPORATION 


HILLSIDE 8 


NEW JERSEY 8 WéAverly 3-7474 
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Buchanan (MIL-T-22520 Class II) Cycle- 
Controlled Pneumatic pres-SURE-tool 
with Automatic Contact Feed crimps 
MS-3190 #20A, #20, #16 and #12 con- 
tacts, MS-24254 and MS-24255 #20, 
#16 and #12 contacts. Contact carriers 
and magazines can be supplied for 
various contact designs. 


Cr ee 
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RESEARCH Horizons 


Edited by Avex. E. Javirz, Special Features Editor 


Capacitor Research: Environment and Miniaturization 


As DESCRIBED IN THE Annual Report of the 
Advisory Group on _ Electronic Parts 
(AGEP), a number of interesting projects 
in capacitor research have been (or are 
being) carried out under the auspices of 
the various branches of the Department of 
Defense. Most of the projects deal either 
with environmental problems or miniatur- 
ization, the latter usually achieved using 
thin-film techniques. 

e@ One undertaking sought to develop 
extremely high-temperature, reliable, fixed 
capacitors for use in electronic reactor 
control circuits. The units were to be 
capable of operation in ambient temper- 
atures of 500 C and above and in high 
nuclear flux densities. Magnesium oxide 
and aluminum oxide were chosen as the 
dielectric materials, with aluminum foil as 
the electrode material. Package design has 
been determined to be alumina cylinders 
with metal end caps. Thousand-hour life 
tests were successfully completed. 

e@ The objective of another program in 
a similar area was the development of a 
technique and/or filling compound or im- 
pregnant that will inhibit corona or delay 
its starting point in capacitors at temper- 
atures of 500 to 1000 C under intense 
radiation. As a result of the research, the 
factors which affect corona threshold volt- 
ages in capacitors consisting of solid di- 
electric film operating in a gas at high 
temperature and radiation have been deter- 
mined. In addition, methods of raising the 
corona threshold voltage were developed, 
and an optimum capacitor design to avoid 
corona and radiation effects was achieved. 

e@ Still in the high-temperature, high- 
radiation range, solid-state techniques were 
utilized in another development to try to 
achieve a 500-C capacitor capable of re- 
placing tantalum in the high-capacitance 
ranges (1 to 50 wf). A suitable semi- 
conductor (cupric oxide) has been selected 
for this development, and it has been 
shown to have the required electrical and 
chemical stability at 500 C. A suitable 
anode material has been chosen from a 


Components Notes from France 


Current directions in electronic com- 
ponents in France were reflected in 
the exhibits featured at the Salon In- 
ternational des Composants Electron- 
iques, held in Paris February 17-21. 
Here are a few highlights as specially 
reported to “Research Horizons”: 

e Metal-Film Resistors. Wave-guide 
attenuators were shown using high- 
frequency resistors with ohms/square 
values of between 30 and 250, and re- 
sistance tolerance of +5 per cent. 
Cylindrical resistors were also shown 
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group of proprietary materials. Processes 
have been developed for the construction 
of prototype units using the two new 
high-temperature materials, but the present 
state of development is limited by the 
inability to obtain satisfactory reform after 
the pyrolysis ef the semiconductor. 

e In a miniaturization program, it was 
desired to develop a satisfactory design for 
evaporated-film capacitors that would be 
compatible with transistors in size and 
characteristics. Construction was to be of 
non-strategic, inexpensive materials cap- 
able of maintaining stable electrical and 
physical characteristics while operating in 
ambient temperatures in excess of 400 C. 
The effort involved the development of 
capacitors derived from high-vacuum 
evaporation of microthin films (1 micron) 
as dielectrics on metal foil with emphasis 
on package design and capacitor fabri- 
cation. 

One thousand capacitors of rolled SiO, 
coated aluminum foil were made. Alum- 
inum lead wires were welded on at the two 
ends of the capacitors by ultrasonic welding 
techniques. These capacitors yielded an 
RC factor of 10 megohm-microfarads and 
a l-per cent dissipation factor at 500 C. 
The capacitance value was 0.02 uf, with 
breakdown voltages ranging from 80 to 100 
volts at 300 C. The temperature coefficient 
was 50 ppm per deg C between 25 and 
500 C. The overall maximum size was %%- 
in. diam x 1 in. long. 

e@ The development of “solid electrolyte” 
capacitors made of a less costly and more 
readily available material than tantalum 
was also undertaken. The potentialities of 
high-purity aluminum in wire and sintered- 
pellet form were thoroughly explored, but 
the resulting models were significantly in- 
ferior to solid tantalum capacitors. Nio- 
bium is presently considered the best alter- 
native to tantalum, with more capacitance 
per unit volume and tolerable d-c leakage, 
but it is limited with regard to voltage (see 
page 12). ; 

e Another thin-film project is the devel- 


covering the range of 50 to 800 ohms. 
14 watt. (These were non-spiralized 
units.) In the high-voltage category 
were l-watt resistors (normal rating 
10,000 volts) suitable for applied volt- 
ages of up to 20,000 volts. The tem- 
perature coefficient was 0.05 per cent/- 
deg C, and voltage coefficient 0.002 per 
cent/volt; operating range.—60 to +-80 
C. The resistance range supplied was 
from 10° to 10!° ohms. 

e@ Polycarbonate-Film Capacitors. 
High-stability polycarbonate capacitors 


opment of thin-film barium-strontium-titan- 
ate capacitors with film thicknesses in the 
order of 1 micron (down to 0.02 micron). 
The target parameters for the capacitor 
are: a film 1 micron thick with a capaci- 
tance of 5 uf per sq cm, a working voltage 
of 20 volts, and a dielectric constant of 
9000 at room temperature. To date, in the 
program, concern has been mainly with 
the development of techniques and ap- 
paratus for the vacuum deposition work 
and with the measurement of the pro- 
perties of film specimens. Measurements 
showed that electrical properties varied for 
different films and apparently had no cor 
relation with film thickness. 

e Refractory materials are being investi- 
gated to determine those most suitable for 
use as stable capacitor dielectrics and 
electrodes over the temperature range from 
—50 to +750 C. The material is to be 
resistant to nuclear radiation and capable 
of fabrication in place as a two-dimensional 
capacitor in complex parts having the 
same environmental capability. The com- 
plex parts are conductors, resistors and 
capacitors fabricated on a compatible sub- 
strate. The purest available dielectric 
materials, such as alumina, magnesium 
oxide, boron nitride, and silicon nitride, 
are being considered. 

e Thin adherent, non-porous films of 
pure silicon nitride have been deposited 
from the vapor phase on hot molybdenum 
substrates by pyrolytic deposition. Such 
films, when incorporated between moly- 
bdenum plates to form capacitors, were 
found to maintain satisfactory dielectric 
properties up to and above 600 C. Silicon 
nitride coatings, deposited as described 
above, also offer a convenient and effective 
method of encapsulation for protecting 
metal surfaces from atmospheric oxidation 
up to and above 1000 C. 

Subject to establishing a satisfactory 
“need-to-know,” readers may apply for ad- 
ditional information on these projects to 
the Advisory Group on Electronic Parts, 
Office of the Director, Defense Research 
and Engineering, AGEP Secretariat, Moore 
School Building, University of Pennsyl- 
vania, Philadelphia 4. 


were shown with a range of 1000 pf to 
5 mf. The working temperature range 
was —50 to +125 C. The range also 
included high-voltage polycarbonate 
capacitors operating up to 500 volts. 
e Thermostats. A miniature thermo- 
stat for temperature control to within 
0.5 deg C was designed to handle 1 
amp at 110 volts a-c, and can be ad- 
justed over the range 0-100 C. Overall 
dimensions were 19 mm x 6.3 mm. 


(Continued on next page) 
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e R-C Filters. Miniature R-C filter 
networks were shown wherein the ca- 
pacity and resistance are defined by 
means of electrode resistivity and elec- 
trode area, respectively, in small cer- 
amic tubular capacitors. The resistance 
and capacitance ranges covered were: 
150 ohms to 470 kilohms and 47 to 
2700 pf. A wide range of combinations 
between these values is possible. 


incest Tica Oite i cinesesitittitnanticatiiiiitiiaelaiepsididitilaaatiniteeeanitiipaiananin 


A good deal of activity in printed- 
wiring boards was evidenced by a num- 
ber of exhibits, including several types 
of epoxy-resin glass-fiber boards (avail- 
able both in cured and _ semi-cured 
form) for use in flush-segment com- 
mutators and similar applications. 
Particularly low moisture absorption 
is claimed—0.1 per cent. 

Interest in ultra-pure materials was 


Cove emuennenanaanenervananaiens 


shown by exhibits deveted tu germa- 
nium, silicon, selenium and tantalum. 
In devices, a wide range of rectifiers 
was shown, including contact-cooled 
rectifiers as well as polyester-encapsu- 
lated rectifiers. Also shown was a range 
of silicon diodes ranging from minia- 
ture communication types to high- 
power silicon rectifiers of up to and 
above 100 amp capacity. 
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Effect of Ultrasonics on Natural-Convection Cooling Systems 


ULTRASONIC AGITATION of liquid coolants 
shows promise of increasing the rate of 
heat transfer from electronic components 
immersed in the coolant. 

In an investigation of the effects of ul- 
trasonic vibration, a heated wire was 


Be Distilled water 





+ ions 
Glycerol! 





cooled by natural convection in five liq- 
uids; cooling curves for each were then 
plotted with and without ultrasonically in- 
duced cavitation. Average power input to 
the ultrasonic transducer was 120 watts 
at 36 kc. Peak-to-peak pressures 2 in. from 
the transducer were: distilled water, 51 
psi; isopropyl alcohol, 41 psi; Coolanol, 
transformer oil and glycerol, 15 psi. 

The accompanying figure compares cool- 
ing properties of the various fluids, first 
under natural-convection conditions, and 
then with ultrasonic agitation. The quan- 
tity h (called relative cooling effective- 
ness in the figure) is actually the surface 
coefficient and is equal to 


AAt 
where 
q=rate of heat transfer from wire to 


coolant in Btu/hr 
A =area of wire surface in sq ft 


At=temperature difference between 


wire and coolant in deg F 


These curves indicate that ultrasonic vi- 
bration has a definite effect on natural- 
convection heat transfer in liquids. 


<— 

Comparison of cooling of five liquids 
with and without ultrasonic vibration. 
Average input power to transducer is 
120 watts at 36 ke. 


It is believed that there are at least 
two aspects of ultrasonically induced cavi- 
tation which affect rate of heat transfer. 
When a wire is heated in a liquid, a thin 
film of the liquid adheres to the wire sur- 
face and retards heat transfer; cavitation 
may be expected to rupture this film and 
increase heat transfer. Secondly, ultra- 
sonic vibrations cause a “streaming” ef- 
fect which may increase heat transfer 
also. When an acoustical wave is generated 
in a fluid, there is a convective flow of 
the liquid along the beam and away from 
the source, with a peripheral return flow. 
This “streaming” motion of the liquid is 
determined by the equilibrium of driving 
and retarding forces. 

Although the ultrasonic wave used was 
of arbitrary power and frequency and 
not chosen to be optimum for each test 
condition, proportional increases in the 
rate of heat transfer ranging from 15 to 
160 per cent were obtained. These results 
indicate that ultrasonic vibration increases 
heat-transfer rate in a natural-convection 
cooling system. 
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iss iit Un salience 


MANY METALS and their oxide films (J) * 
have been investigated as substitutes for 
tantalum in solid-electrolytic capacitors. 
Niobium, whose chemistry is similar to 
that of tantalum, became a prime target 
material, especially since commercially 
available forms of the metal, with purity 
comparable to tantalum, have become ac- 
cessible in the last few years. The kinetics 
and mechanism of formation of the anodic 
oxide films (2) appear to be similar to 
tantalum. However, niobium has half the 
bulk density of tantalum, an important 
factor when either economic or weight 
advantages must be considered. It has also 
been reported that niobium ores are more 
plentiful than tantalum ores. (3) 

In considering any metal for the anode 


* Italic numerals in parentheses refer to Cited Refer- 
ences at end of article 
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Niobium Solid-Electrolytic Capacitors 


in the solid electrolytic capacitor, many of 
its properties must be properly evaluated 
due to variations introduced into the ma- 
terial during fabrication procedures. The 
preparation of the porous anode (by press- 
ing of the powder and subsequent vacuum 
sintering at temperatures above 1600 C) is 
a major item in this respect. The sintering, 
besides providing strong mechanical bonds 
between powder particles, allows an ex- 
tensive purification of the metal due to 
direct volatilization of impurities or their 
oxides. The importance of this process for 
tantalum-capacitor fabrication has __re- 
cently been evaluated. (4) It was con- 
cluded that the kinetics and _ thermo- 
dynamics of diffusion and solid-gas equili- 
brium require temperatures of the order of 
2000 C to have this important process 
parameter operate efficiently. Studies in 


the vacuum sintering of niobium for con 
solidation to bulk densities (5, 6) suggest 
a similar conclusion for the fabrication of 
porous niobium anodes. However, a tem 
perature of 2000 C is only 400 C below 
the melting point of niobium, and some 
difficulty may be anticipated in obtaining 
maximum purification without excessive 
loss of porosity due to shrinkage. 

It has been shown (7) that the anodic 
film growth for tantalum consists of a two- 
stage process. One of these is the forma- 
tion of the amorphous oxide film, with 
desirable dielectric properties, while the 
other is a subsequent field-induced trans- 
formation to a crystalline film with poor 
dielectric properties. For tantalum, at the 
current state of the technology, these pro- 
cesses are easily separable, while the 
present work on niobium demonstrates a 
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high degree of complexity due to the ai 
most concurrent occurrence of these two 
mechanisms of growth. This complicating 
feature is not inherent in the high field 
fermation of niobium oxide films, but 
rather appears to depend to a ma,or ex- 
tent on the available purity of the metal. 


Dielectric Properties of 
Niobium Oxide Films 


In order to delineate the differences 
between tantalum and niobium oxide films, 
some comparisons were made of their di- 
electric properties. Tantalum and niobium 
foils were vacuum annealed at 2050 C 
and anodized in 60 per cent acetic acid 
at 30 C and 10 ma/cm? with different 
formation voltages. A capacitance compari- 
son demonstrates a linear relationship with 
essentially zero intercept between the in- 
verse capacitance and formation voltage 
over the entire range of voltage investi- 
gated. The niobium oxide films thus yield 
a 20 per cent larger capacitance per unit 
area than tantalum. (8) Values for anodic 
niobium and tantalum oxides, respectively, 
are 41 and 27.6 for the dielectric constant 
and 20.2 and 16.6 A/volt for the inverse 
field strength. The 20 per cent increase in 
capacitance for niobium apparently results 
from the large difference in the dielectric 
constants being substantially cancelled by 
the increase of film thickness for a given 
formation voltage. 

The dielectric loss of the oxide has been 
estimated by utilizing measurements on 
the same foils over a frequency range of 
0.05 to 20 kc. The analysis is based (9) 
on the relation 


tan 56 = tan 8’ + 27/C,R, 


where tan 5 is the measured dissipation 
factor of the capacitor, tan 3’ is the di- 
electric loss of the oxide film [assumed to 
be relatively independent of frequency 
(10)], C, is the measured capacitance, R, 
is the frequency-independent resistance of 
the electrolyte, and f is the frequency. 
A comparison of tantalum and niobium 
oxide films demonstrates that the latter has 
a slightly lower dielectric loss for all for- 
mation voltages. In most capacitors, this 
minimum dielectric loss cannot be realized. 
Either the geometry of a porous or rolled- 
foil anode introduces a large resistance for 
the last term of the equation, or degrada- 
tion of the dielectric occurs during proc- 


essing steps such as the pyrolysis of man- 
ganous nitrate solutions at 300-500 C to 
form the semiconductor cathode. 


Comparison of Tantalum and Niobium 
Solid-Electrolytic Capacitors 


A quantitative comparison of 20-volt 
rated capacitors is shown in Table I. In 
general, the yield of capacitance per unit 
volume (calculated on the basis of anode 
volume) is comparable, but due to the 
difference in density, the yield per unit 
weight is twice as large for niobium. The 
average temperature dependence for nio- 
bium capacitors is +885 ppm/deg C com- 
pared to +775 ppm/deg C for tantalum. 
The  dissipation-factor/temperature-depen- 
dence for niobium capacitors, Fig. 1, is 
much larger than for tantalum capacitors. 
The unusual increase in dissipation factor 
at low temperatures is really dependent on 
the choice of 1 ke as the measurement 
frequency. Figure 2 illustrates the fre- 
quency dependence as a function of tem- 
perature for the 20-volt rated samples. The 
dissipation factor at 10 ke is determined 
mainly by the resistance of the semicon- 
ductor cathode, which increases with de- 
creasing temperature; at 0.05 kc, the dis- 
sipation factor is controlled by the oxide 
dielectric, and here the dissipation factor 
decreases (as expected) with decreasing 
temperature. (9) The resultant at 1 ke is 
a combination of the two trends, with the 
series resistance effect predominating at 
low temperatures. 

The activation energy plots for d-c leak- 
age at 50, 100 and 150 per cent of the 
rated voltage is shown in Fig. 3. It is 
only above room temperature that a linear 
dependence occurs with an activation en- 
ergy of 9.9 +0.1 kcal, independent of test 
voltage. The marked deviations from lin- 
earity below room temperature depend on 
the test voltage. At the present time, no 
firm explanation exists for the shape of 
these curves. It is possible that the marked 
curvature at low temperatures is due to 
a slow capacitive current decay, although 
the measurement procedure was designed 
to minimize such an effect. Extended time 
measurements would have to be performed 
to establish this point. For comparable 
tantalum solid-electrolytic capacitors, the 
linear relationship extends over the entire 
temperature range studied, with an activa- 
tion energy of approximately 13 kcal. 


The d-c leakage-voltage characteristics 
of these capacitors are very asymmetric, 
with the dependence in either directiun 
being approximately exponential. The 
asymmetry can be expressed by the ratio 
of positive rated voltage to the negative 
voltage where equal currents flow: this 
ratio is 22 for 20-volt rated niobium ca- 
pacitors, and is approximately the same 
for equivalent tantalum capacitors. 

Life-test leakage data for capacitors rated 
at 6 and 20 volts show a rise in leakage 
during the early stages of the test similar 
to that of higher-voltage rated tantalum 
solid capacitors. In general, 6-volt capa 
citors survive a 3000-hr life test at 85 C 
and 8 volts; 20-volt capacitors survive from 
1000-3000 hr, depending upon the powder 
lot and processing conditions; and 35-volt 
capacitors all fail within 300 hr. Improve- 
ments for the 20-volt capacitors can prob- 
ably be readily achieved by the use of a 
quality-control program for the powder 
purity and more rigorous contro] of the 
overall processing. 


Conclusions 


This work has shown that, with the cur 
rent purity of niobium powder, capacitors 
comparable to tantalum in almost all initial 
properties can be prepared. In general, 
the leakage for niobium is higher, the low 
frequency dissipation factor lower, and the 
yield of capacitance per unit weight higher 
than for tantalum. A _ severe limitation 
exists in that ratings above 20 volts cannot 
survive a life test at 85 C. 

The dependence of the d-c properties of 
the finished capacitors on purity of the 
anode, formation temperature, and forma- 
tion voltage tends to confirm that these 
failures are related to partial crystallization 
of the oxide film during formation. The 
solution of this problem in the immediate 
future can proceed in two directions. One 
of these is an investigation of the role the 
electrolyte plays in the formation of the 
crystalline films. Without this detailed in- 
formation, the selection of an electrolyte 
for formation will remain a static proce- 
dure. The other approach is the com. 
mercial development of powders with a 
purity of a higher order than is presently 
available. Actually, the niobium powders 
have a purity comparable to current tanta- 
lum powders. (4) However, there is a 
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Fig. 2 — Dissipation factor as a function of frequency at three 
different temperatures for 20-volt niobium solid-electrolytic 
capacitors. 


Fig. 1—Dissipation factor as a function of temperature of 
niobium solid-electrolytic capacitors. 
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Table 1— Comparison of 20-Volt Rated Solid Electrolytic 
Capacitors 








Capacitance Dtesipationt Leakage, 


factor, pamp/ 


Type | Unit volume | Unit weight| 1 ke pf-volts 








| 

: 

180 pf/cc | 20 uf/gm | 
38 uf/gm | 


0.05 
0.06 


0.005 


200 uf/cc 0.022 


Tantalum 
Niobium 
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Table Il — Effect of Sintering Conditions on the Properties of 
35-Volt Niobium Solid-Electrolytic Capacitors* 





* Sintering conditions and physical characteristics of anodes: 


1850 2000 2100 2100 
1 1 1 2 
0.54 0.53 3 
0.59 0.61 3 
9.7 13.7 
207 


Sintering temp, deg C 

Sintering time, hr 
Rel. density, initial 
Rel. density, final 
Per cent volume shrinkage | 
Surface area, cm?/gm 325 | — 


0. 
0 
9 


| 











* Electrical properties of capacitors formed to 110 volts: 


Capacitance, uf/gm anode 39 33 
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0.0039 0.0043 0.00 


Temperature, deg K~™ 


Fig. 3— Leakage as a function of temperature for 20-volt 


niobium solid-electrolytic capacitors. 


marked difference in the purification ac- 
complished during sintering under identi- 
cal conditions. A tantalum pellet sintered 
at 2000 C for one hour has a higher level 
of purity where each metallic component, 
exclusive of niobium, is below 10 ppm, with 
the overall purity approaching 99.99 per 
cent. However, there is more difficutly in 
reaching these levels for niobium than for 
tantalum. This difference can easily be due 
to differences of thermodynamics and dif- 
fusion in the two host metals although, at 
present, no evidence is available to support 
this contention. The extensive shrinkage of 
niobium during sintering as compared to 
tantalum (14 per cent at 2000 C, compared 
to a value of 2 per cent for tantalum) is 
related to their difference in melting 
points. This extensive shrinkage could 
easily narrow pores and, in extremes, 
actually close them, so that the diffusion 
of impurities out of the pellet would be 
considerably hindered. When the surface 
utilization efficiency with in- 
creasing temperature, the presence of such 
closed or narrowed pores within the pellet 
is indicated. The optimum sintering condi- 
tions must therefore always represent a 
balance between those conditions leading 
to adequate purification and those result- 
ing in excessive shrinkage. In this study, 
this balance appears to occur for sintering 
conditions of 2100 C for one hour, with no 
further improvement expected by using 
higher temperatures or longer times. These 
conclusions suggest that niobium capaci- 
tors would always require a higher-purity 
powder than tantalum to achieve equi- 
valent properties in finished components. 
(See Table II.) 

The exact mechanism by which crystal- 
lization of the oxide film contributes to 


decreases 
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ai te vamp /uf-volts 
0.005! 0.0055 


used 


and 30%, 


failure has not been ascertained. The 
general experience that crystallized films 
exhibit higher leakage in solution indicates 
that they are inferior to amorphous films 
as a dielectric material. Partially crystal- 
lized films have a higher capacitance than 
the usual amorphous films. The abnormal 
capacitance is believed to be associated 
with microfissures (/2) at the periphery 
of the crystallized areas. A recent mechan- 
ism proposed for tantalum capacitor failure 
(11) is not inconsistent with the site of 
failure occuring at a crystalline area with 
its associated microfissures. An alternate 
explanation is that the microfissures may 
be initially blocked with gaseous oxygen 
(J2), thus providing low initial leakage. 
However, at elevated temperatures they 
may be released by expansion, resulting 
in contraction of the film and ultimate 
failure. 

To summarize, niobium solid-electrolytic 
capacitors can be prepared in up to 20-volt 
ratings with properties comparable to 
equivalent tantalum components. A severe 
limitation exists for capacitors rated above 
20 volts since, despite favorable initial 
leakages at room temperature, very early 
failures occur at 85 C. These failures are 
associated with partial crystallization of 
the amorphous oxide film during forma- 
tion at higher voltages. The current avail- 
able purity of niobium, despite extensive 
purification during sintering, is not suf- 
ficient to prevent crystallization of the 
oxide films. 
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Dissipation factor, 1 kc 
D-C leakage, 35 volts, 


* The powder had a particle 
less than 30 yw. 


28 25 


0.92 0.067 0.055 0.076 


13.4 | 0.12 0.058 | 1.93 


Fraction of surface area 


0.63 


150-75 wu; 40%, 75-30 pw; 
e surface area of the powder was 1,243 cm2/gm. 


size distribution of: 30%, 
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FOR MILITARY EQUIPMENT MANUFACTURERS... 


New MIL-STD-701B List Simplifies 
Zener Diode Selection For Design Engineers 


Expansion of the Diode List Gives You Choice of 
Wide Range of “Guidance” and “Preferred” Types 
... Solves Non-Standard Parts Approval Problem 


FOR YEARS, the designer of military equip- 

ment circuits has been faced with the problem 

of his having to select from a bewildering hodge- 

podge of thousands of zener diode part numbers 

...and then going to the costly, time-consuming 

trouble in most cases of having to justify non- 
standard parts. 


But no more. The apparent move by the Military 
to force zener standardization by means of the 
expanded Diode List in MIL-STD-701B has given 
design engineers an opportunity to solve this zener 
selection problem almost completely. 


MIL-STD-701B VOLTAGE REGULATOR DIODES 
“PREFERRED” AND “GUIDANCE” TYPES 


1N746A 

1N747A 

1N748A 

1N749A 

1N750A 

1N751A 

1N752A - —_ _ 
1N753A - 
1N754A 1N3016B 1N2970B 1N2804B 
1N755A 1N3017B 1N2971B 1N2805B 
1N756A 1N3018B 1N2972B 1N2806B 
1N757A 1N3019B 1N2973B 1N2807B 
1N758A 1N3020B 1N2974B 1N2808B 
1N962B 1N3021B 1N2975B 1N2809B 
1N963B 1N3022B 1N2976B 1N2810B 
1N964B 1N3023B 1N2977B 1N2811B 
1N965B 1N3024B 1N2979B 1N2813B 
1N966B 1N3025B 1N2980B 1N2814B 
1N967B 1N3026B 1N2982B 1N2816B 
1N968B 1N3027B 1N2984B 1N2818B 
1N969B 1N3028B 1N2985B 1N2819B 
1N970B 1N3029B 1N2986B 1N2820B 
1N971B 1N3030B 1N2988B 1N2822B 
1N972B 1N3031B 1N2989B 1N2823B 
1N973B 1N3032B 1N2990B 1N2824B 
1N974B 1N3033B 1N2991B 1N2825B 
1N975B 1N3034B 1N2992B 1N2826B 
1N976B 1N3035B 1N2993B 1N2827B 
1N977B 1N3036B 1N2995B 1N2829B 
1N978B 1N3037B 1N2997B 1N2831B 
1N979B 1N3038B 1N2999B 1N2832B 
1N980B 1N3039B 1N3000B 1N2833B 
1N981B 1N3040B 1N3001B 1N2834B 
1N982B 1N3041B 1N3002B 1N2835B 
1N983B 1N3042B 1N3003B 1N2836B 
1N984B 1N3043B 1N3004B 1N2837B 
1N985B 1N3044B 1N3005B 1N2838B 
1N986B 1N3045B 1N3007B 1N2840B 
1N987B 1N3046B 1N3008B 1N2841B 
1N988B 1N3047B 1N3009B 1N2842B 
1N989B 1N3048B 1N3011B 1N2843B 
1N990B 1N3049B 1N3012B 1N2844B 
1N991B 1N3050B 1N3014B 1N2845B 
1N992B 1N3051B 1N3015B 1N2846B 
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Now, as indicated in the Diode List reproduced 
here, a specific “Preferred” or “Guidance” MIL 
part number is shown for EVERY common voltage 
for the 400 mw thru 50 w types. 


So save time and trouble by selecting your zener 
diodes from the list at the left. 


For your convenience, MOTOROLA IS NOW 
SUPPLYING COMMERCIAL-INDUSTRIAL 
ZENERS TO THE SPECIFICATIONS OF 
EVERY ‘“‘GUIDANCE” DEVICE...plus, as 
recently announced, Motorola is also the first to 
be able to offer you 10 w zeners to the require- 
ments of MIL-S-19500/124 (Sig. C). 


FOR INDUSTRIAL-COMMERCIAL USERS 


A special note to non-military equipment manu- 
facturers...if you’re not concerned with meeting 
military specifications —- and economy is your prime 
concern — Motorola’s widest-in-the-industry selection 
of EIA and non-standard number zeners (more than 
2,100 devices) offers you the exact type of unit for 
your non-military requirements at considerable cost 
savings. 


For further information on Motorola “Preferred” 
and commercial “Guidance” zener diodes —or any 
Motorola semiconductors — contact your Motorola 
Semiconductor District Sales Office or call or write: 
Technical Information Center at the address below. 


MOTOROLA SEMICONDUCTOR DISTRICT SALES OFFICES: 


Belmont, Mass., |Vanhoe 4-5070/Burlingame, Cal., Diamond 2-3228 
Chicago, Ill., AVenue 2-4300/Clifton, N. J., GRegory 2-5300 
Dallas, Tex., LAkeside 6-8931/Dayton, Ohio, AXminster 3-4164 
Detroit, Mich., BRoadway 3-7171/Glenside, Pa., TUrner 7-7020 
Hollywood, Cal., HOllywood 2-0821/Minneapolis, Minn., Liberty 5-2198 
New York, N. Y., Wisconsin 7-2980/Philadelphia, Pa., WAverly 7-6144 
Phoenix, Ariz., 273-6364/Silver Springs, Md., JUniper 5-4485 
Syracuse, N. Y., GRanite 4-3321/Winter Park, Fla., Midway 7-2507 
Toronto, Ont., PLymouth 9-2222 


MOTOROLA 


Semiconductor Products Inc. 


A SUBSIDIARY OF MOTOROLA, INC. 


5005 EAST McDOWELL ROAD « PHOENIX 8, ARIZONA 
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Bistable Amplifier for 
Static relay control 


me 


Richard B. Doorley, Mgr., New Products Div. 
Railway Maintenance Corp., Pittsburgh, Pa. 


“Norbatrol helped us cut 
R&D time by 1 year with 
this Bistable Amplifier” 


“Norbatrol’s Bistable Amplifiers solved many 
control problems in redesigning our McWilliams 
Jack-and-Production Tamper from manual to 
reliable, automatic operation. Now this RMC 
railroad surface machine operates electroni- 
cally—improves grade and cross level to ac- 
curacies never previously accomplished. And 
we got a bonus,” Mr. Doorley continues, “these 
rugged, reliable static relays cost less than 
alternate systems.” 

You, too, can speed development and pro- 
duction time with the ultrasensitive Bistable 
Ampiifier—it replaces mechanical relays in 
critical control and regulating applications. 
The Bistable incorporates silicon controlled 
rectifiers, magnetic amplifiers and attendant 
circuitry to give multiple inputs as low as 
5 x 10-8 watts, fast response, high gain and a 
current output of 1 Amp at an 85° C. ambient. 


GET THE FACTS on design 
and application data—write for 
technical bulletin CS60. 


NE-1 =——— 


BESS eeeee 
NORBATROL 


Electronics Corp. 


DEPT. B, 356 Collins Avenue 
Pittsburgh 6, Pennsylvania 
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Plus or Minus 


Random Comments of the Editors and Readers 


Errata—Backlash in Gear Trains 


Author R. J. Benson of the Bell Tele- 
phone Laboratories, Inc., calls atten- 
tion to several important errors occur- 
ring (all in one paragraph) in his 
article, “Factors Contributing to Back- 
Jash in Gear Trains,” which appeared 
in the July 1961 of ELEectRo- 
TECHNOLOGY. 

Equation (3), p 68, shows the effect 
of pressure angle on backlash. In the 
middle of the paragraph immediately 
following, the corrected statements are: 
“However, the 1414-deg tooth is weaker 
than the 20-deg tooth, but undercutting 
occurs with fewer numbers of teeth on 
20-deg pinions. Buckingham states that 
undercutting will be present at 32 and 
18 teeth for 1444- and 20-deg pressure 
angles, respectively. (2)” [Changed 
figures are in italics. including Cited 
Reference (2).] 


issue 


More on Arc Suppression 


With regard to the Design Trends ar- 
ticle “Arc Suppression for Contact 
Protection” by W. Frank in our June 
issue, Mr. G. H. Bacon of the Com- 
munication Products Dept., General 
Electric Co., Lynchburg, Va., has sent 
us some comments on another method 
of achieving the desired suppressic a. 
We pass them along, somewhat edited. 

“We have developed, and are pres- 
ently manufacturing, special selenium 
cells that have a Zener-type reverse 


om eonte Field 


Electro-Technology 


breakdown characteristic. We have 
called the stacks made from these cells 
‘Thyrector Diodes.’ They are presently 
available in sizes capable of handling 
0.004-sec, single-pulse currents from 
0.75 amp to 8 amp. By July, this line 
will be expanded to include cell sizes 
capable of conducting 40, 150 and 300 
amp under a single pulse of current 
of 0.004 sec pulse width. 

“The cell can be used to suppress 
transient voltages and protect silicon 
and germanium semiconductors. When 
a-c circuits are involved, they are used 
in a back-to-back arrangement. For d-c 
applications, the cells are assembled 
in a unidirectional (polarized) con- 
figuration. When d-c contact protection 
is required, the special Thyrector cells 
are combined with standard selenium 
cells in such a manner that the Thy- 
rector cells are used both to control 
the drop-out time (time constant) and 
the induced voltage. 

“For instance, Fig. 1 of the article 
describes what is known as a ‘d-c 
clamp.’ The diode clamps the induced 
voltage of the coil to a value very little 
higher than the d-c circuit voltage. 
However, as pointed out in the article, 
the decay rate of the current would 
be the slowest possible. If the coil 
happened to be a relay, this long time 
constant could be a disadvantage. If a 
Thyrector cell is added as Diode 2 
in Fig. 2, the time constant would be 


(Continued on page 19) 


THIS MONTH’S COVER 


Our cover is derived from the symbol for 
the “basic d-c machine” as being funda- 
mental to the analytical study of rotary 
electromagnetic power and contro] de- 
vices, the subject of our Science & Engi- 
neering article this month. “Electro- 
mechanical Energy Conversion,” starting 
on page 95, presents the principles of 
using energy flow for linking mechanical 
and electrical forces. 
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THIS remarkable plastic may trigger a 
new (or cost-saving) design idea for you 


National Vulcanized Fibre is unique. It’s a tough, cellulosic 
plastic—not mere paper or fiberboard. Vulcanized Fibre 
possesses an unusual combination of mechanical, electrical 
and thermal properties. For example... 


It weighs one-half as much as aluminum, yet is one of 
the strongest materials known per unit of weight. It’s 
tough, durable and cushions the shock of repeated blows. 


Vulcanized Fibre has superior arc-resistance. It comes 
in standard and special grades, including a fire-resistant 
grade called “Pyronil.” It can be machined, formed or 
deep-drawn into intricate shapes, and can be combined 
with other materials . . . aluminum, rubber, “Mylar,” 
copper, laminated plastic, plywood, to name a few. 


You can polish it, paint it, lacquer it, emboss it. And 
regardless of the finish, it resists oils, gasoline, fungi, most 
solvents. Most surprising is its low cost. 


Find out for yourself why National Vulcanized Fibre is 
“the plastic with a million uses.” There’s a free sample kit 


5 grades of polyester 


85 Phenolite® laminates 


waiting for you at a nearby NVF sales office. Check Sweet’s 
Product Design File 2b/Na for the one nearest you. Or 
write directly to Dept. PR, Wilmington, Delaware. 


116 Choices: One Source This is the latest count of the dif- 
ferent plastics and grades NVF can offer in your search 
for the one best material. Add to this total the one special 
grade that can be developed from scratch to meet your 
particular need. This full range of materials is backed by 
complete engineering services . . . from application assist- 
ance up to and including the delivery of 100% usable, 
precision-fabricated parts . . . in any quantity, on time! 

Call the NVF Sales Office near you. It’s a direct line 
to single-source help on your current materials problem. 


NVE e 


NATIONAL VULCANIZED FIBRE COMPANY 
WILMINGTON 99, DELAWARE 


in Canada: NATIONAL FIBRE COMPANY OF CANADA, LTD., Torente 3, Ontario 


3 thermoplastics . . . nylon, Delrin®, Penton® 





ag ULf; LAYER‘ 


clad metals give you the design freedom 
you want without compromising. 


- a a 
~ Pick your engineering properties... 


Strength 


Thermal 
conductivity 


Fine surface 
. finish 


Resistance to 
chemical reaction 


*Trademark of Metals & Controls Inc. 


iI p h t 9 th f y contact ball onto the blade for electrical conductivity. 
WE ut t em together tor you Besides giving you more beneficial engineering properties, 
When you are choosing materials for new designs, or MULtiLAYER will probably save you money because 
é: ; you will need less precious metal. 

MULtiLAYER,, with its hundreds of possible combina- 
tions, gives you another modern material. Take advantage 
of it. WRITE for our general catalog, GP-1B, which 


describes this material in more 


when conducting value analysis on existing products, don’t 
compromise on the qualities the parts must have. If you are 
now using single metals or alloys, chances are you're 
compromising. 


For example, if you need thermal and electrical con- : 
: detail and illustrates many 
ductivity, and springiness, no one metal can give you the fail 2 e 
thought-provoking applications. 
optimum in all three requirements 


That’s where MULtiLAYER clad metals fit into the 


picture. We will give you a spring steel base material with 


METALS & CONTROLS INC. 


; ; . : 1909 FOREST STREET + ATTLEBORO, MASS. 
a laver of copper clad to it and will weld and coin a gold s nb epee “aee @ 4 (aca ea oe 


i = £ LY » TEXAS Jap INSTRUMENTS 
os Mm es MET Ug incorroraten 
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drastically reduced and the induced 
voltage would naturally go up, but the 
induced voltage would still be below 
a level that would cause contact ero- 
sion. 

“For a-c protection, the Thyrector 
Diode could be used to replace both 
the capacitor and the thyrite resistor 
in Fig. 5. The Thyrector Diode has an 
inherent capacitance which absorbs the 
initial steep-front voltage wave present 
at the instant the contact opens. Its 
resistance also decreases faster and 
functions at a lower voltage than the 
Thyrite.” 


Oversight 

In the article “Firing Circuits for Sili- 
con Controlled Rectifiers” in our July 
issue, it should have been more clearly 
pointed out that the Silicontrol circuit, 
a special form of wide-angle, phase 
shifting circuit controlled by a satur- 
able reactor, is covered by patents 
owned by the VecTrol Engineering Co., 
a Subsidiary of Sprague Electric Co. 





Errata: ‘Vector Analysis” 


The authors of our June 1961 S & E 
article on “Vector Analysis” have called 
our attention to certain errors. The 
correct versions are given here. 

Page 100, top of the right-hand 


column: 
Using matrices, it is very simple: 


(]-a[t]-= 


Page 106: in both Eqs (57) and 
(60), the delta symbols should be in- 
verted to signify “grad.” 

Page 109, Eqs (73): A matter of 
spacing rather than an error; these 
are three separate equations: 


eo 


(v «T)E = ne af? (ik, + j£, + kh.) 


or 
VE, FE, Vk, 
ae 
(i oP +4 oe k oe) 


SEND (vk, + jk, +kvk. = 


) ae, + jh, + kk) = 


YOUR PRINTS 2E, ve, we, 


FOR QUOTATION fue op t+ Sue “ap + Rue op 


Page 109, Eq (81): k’s should be 
kp. 
Page 109, Eq (85): 


AND MANUFACTURING COMPANY A kr 


v |Kp, 


aie ; "7\. 
for Electrical Applications Page 110, Eq (87): 


123 Rotary Drive 
GURNEE, ILLINOIS 
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Air Express: 

Why is it 

anchor man in 
America’s missile race ? 


ve a 


Anchor man on a relay team is the fellow who 
clinches victory with a final burst of speed. 

That literally describes the role of AIR EXPRESS 
on America’s missile team. 

Our future as a nation may rest on the success 
of this all-star team, and AlR EXPRESS is proud 
to be a member. But not really surprised. 

In the air, shipments bearing the familiar red, 
white and blue AiR EXPRESS label are first on, 
first off, first there —via all 35 scheduled airlines. 





On the ground, they’re whisked door-to-door 
by a special fleet of 13,000 trucks, many radio- 
dispatched. And throughout the U. S. and Canada, 
each AIR EXPRESS shipment gets kid-glove han- 
dling. Armed guard protection—an AIR EXPRESS 
exclusive—is available, too. 

These unique advantages aren’t restricted to 
missile programmers, either. Any business—l/arge 


or smal/l/—can enjoy them in full and at amazingly 
low cost. Just one phone cal/ to your local AIR 
EXPRESS office arranges everything, door-to-door. 

Why not make that cal/ today and discover why 
modern business men find that it pays in so many 
ways to think fast... think AIR EXPRESS first ? 


AIR 


& CALL AIR EXPRESS DIVISION OF REA EXPRESS «+ GETS THERE FIRST VIA U. S. SCHEDULED AIRLINES 
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Select-A-Spede 


ALLISPEDE* DRIVE 

A low-cost, accurate 
mechanical drive. Easily 
adjusts manually or by 


optional electric remote 


control. Simple mainte- 


nance. Speeds up to - 


10,000 RPM, speed 
ranges from 10:1, 14 to 
30 HP. Configuration 
can be readily changed 
in the field to meet new 
requirements. Ask for 
Bulletin 3601. 


SELECT-A-SPEDE" DRIVE 
Converts incoming AC 
power to DC output at the 
motor to provide a highly 
responsive, precision 
drive. Drive-motors are 
available in all types of en- 
closures. Transistorized 
control panels permit easy 
field modifications at any 
time to suit changing con- 
ditions. Available in rat- 
ings up to 400 HP. Ask for 
Bulletins 101 and 2001. 


MAGNETIC DRIVE 


For applications from 
50 to 2500 hp. Liquid 
cooled magnetic 
clutch provides preci- 
sion controlled ad- 
justable speed. Wide 
Jel tele-lal-m 7 ieemenliie 
imum of drift. Avail- 
able in one, two, three, 
or four-field construc- 
tion . . : with or \ith- 
out magnetic brake. 
Ask for Bulletin 3650. 


We offer 


recommendations 
designed for the application 


SYNCRO-RANGE DRIVE 
A sophisticated ‘‘pack- 
age system,’’ Syncro- 
Range Drive from 2 to 
200 hp combines an ad- 
justable frequency pow- 
er supply with compact 
squirrel cage induction 
or Syncro-Spede® syn- 
chronous motors. Con- 
troller offers one-point 
control of multi- motor 
process lines. Ask for 
Bulletins 110, 111, 112. 


Ajusto-Spede 






Syncro-Range 


AJUSTO-SPEDE* DRIVE 
Eddy current clutch and 
a-c motor combination 
provides stepless, accu- 
rate speed control. No 
brushes, slip rings, or 
commutators. Simple 
one-dial control. Sizes 
34, to 100 HP. Offered 
with wide variety of fea- 
tures including transis- 
tor control. Ask for Bul- 
letins 2750 and 2800. 


*TM of Eaton Mfg. Co. 





NEW design news from Louis Allis 


Louis Allis “‘systems engineer- 
ing” can provide control for a 
single process line... 


or entire plant coordination! 


An outstanding line of 
LOUIS ALLIS adjustable-speed drives 
from 1/2 to 2500 hp. 


Louis Allis offers you a complete line of adjustable-speed drives with various 
characteristics for every application where adjustable speed is required. 


Experienced Louis Allis field engineers will help you select the best drive for 
your application. They are supported by regional and factory industry specialists 
who can recommend a drive system to meet your requirements. 


The Louis Allis line of drives provides outstanding control features ranging 
from simple manual to precise electronic or transistorized control. Selection of 
control varies, of course, with the nature of the installation and the precision 
required. Where desirable, speed regulation as close as .1% is obtainable. 


Controls can be provided which automatically respond to temperature, pressure, 
or flow. Other control features include threading, inching, jogging, logarithmic 
acceleration, torque-limit acceleration, tachometer feedback . . . and many other 
control provisions that can exactly tailor a Louis Allis drive to your operation. 


For process plants or applications involving inter-related motors and multiple 
drives, Louis Allis engineers can provide complete “systems engineering” 
furnishing all electrical rotating components and control. 

For expert assistance call your local Louis Allis District Office listed in the Yellow 
Pages under “Electric Motors” . . . or write direct to The Louis Allis Company, 
423 E. Stewart St., Milwaukee 1, Wisconsin. Ask for Bulletin 2900. 


MANUFACTURER OF ELECTRIC MOTORS AND ADJUSTABLE SPEED DRIVES 


LOUIS ALLIS 
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Another outstanding 
development by the 
Makers of BUSS fuses 


Fuses 
actua/ 
size 


USES 


~ Sub- ‘miniatures — hermetically sealed 


Body size only .140 x .300 inches 


For Use Where Space is at a Premium 


Tron fuses are so small they can easily be 
used as an integral part of circuit—to protect 
miniaturized devices=—or gigantic multi-circuit 
electronic devices — without sacrifice of space. 


Fuse elements hermetically 
sealed. Tron fuses may be potted or 
encapsulated without danger of sealing 
material affecting operation. They are 
not affected by atmospheric conditions. 
They are designed for installation in high 
shock and vibration ambients. 


They are self-protecting and operate 
without exterior flash or venting, so 
they can be installed anywhere in 
the circuit. Likewise, they may be 
teamed in one capsule or replaceable 
unit with such components as resistors 
or condensers. 


Available in ratings from 1/20 
to 5S amps. for use on circuits of 
125 volts or less where available fault 
current is not over 50 amps. Color cod- 
ing indicates ampere rating and assists 
in final inspection of fused circuits. 

Made with Axial pigtails that are 
adapted to feed through automatic wire 
forming machines — or with right angle 
pigtails conveniently spaced for assem- 
bly on printed circuit chassis. 


Get the full story: — 
Write for BUSS Bulletin TRON 


TRUSTWORTHY NAMES IN |ebes Ea 
ELECTRICAL PROTECTION EF. 


UNIVERSITY AT JEFFERSON, ST. LOU! 
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RCA SUPER POWER TUBES 
For Widest Choice at Highest Power 


RCA SUPER POWER TUBES are 
now available in a new, wide choice 
of ratings for CW, Pulse, and Hard- 
Tube-Modulator Applications. 


RCA Super Power Tubes have | 
made operation with conven- | 


tional circuit tuning techniques 


a practical reality in high-power | 


UHF. 


Electron optics—ingeniously | take the extra load in stride—re- 
gardless of complexity of data 

impressed on the carrier. 
Extensively proved in com- 
mercial and military applica- 
tions, RCA Super Power Tubes 
pplied in a variety 


coupled with mechanically and 
electrically rugged envelope 
structure—enable you to develop 
unprecedented levels of power 


with straight-forward circuitry. | 
Cumbersome magnetic field | 
beam-focusing is not required. | 


X-ray shielding is not required 
in essentially all applications. 
Phase stability (less than 0.25° 


meets exacting requirements in 
every application where phasing 
is a major parameter. Where 
sophisticated modulation is re- 
| quired, RCA Super Power Tubes 


CW APPLICATION 





Power 
Output at 


Description 
‘Beam Power Tetrode 
Beam Power Tetrode 
Beam Power Tetrode 
. Beam Power Tetrode 
a Beam Power Tetrode 
| Shielded-Grid Triode 
Shielded-Grid Triode_ 
Double-Ended Triode 
Double-Ended Triode 


A-2335-C* 


_A-15161* | A-15037* 


Frequency — 
14Kw/400Mc 
25Kw/400Mc 
25Kw/400Mc 
50Kw/425Mc 
70Kw/450Mc 
500Kw/425 Kc 
500Kw/110Mc 
__75Kw/S50Mc 
300Kw/425Mc_ 





PULSED RF APPLICATION | 





A-2515-H* 
6952 


2041 


__ 2041 
4605 

6952 
"A-2589* 


Beam Power Tetrode 
Beam Power Tetrode 2 
Beam Power Tetrode 





Beam Power Tetrode- 


180Kw/450Mc 
"2Mw/425Mc | 
"2Mw/425Mc 
180Kw/575Mc | 1000 _ 


575_| 100 


575_| 100 


575 | 100 





1Mw/940Mc 
200Kw/940Mc 


A-2590* 6952 Beam Power Tetrode 





‘A-2606* 
A-2645* 


2041 
6952 





Beam Power Tetrode 


“Beam Power Tetrode 1 25Mw /425Mc 
275Kw/425Mc 


1000 


Ce 


900 





6952 
6949 


‘Beam Power Tetrode 
Shicided Grid Veieds 
Double-Ended, 

Shielded-Grid Triode 


_A-2669-A* 
4603 





1.5Mw, 


6950/2039 | A-2342* 


_275Kw/425Mc 


1.5Mw/200Mc 


900 
100 





50Mc 


250 





2054 | A-2346-N* | Double-Ended Triode 


5Mw/440Mc 


600 





7835 A-2346-f* | Doubie-Ended Triode 


5Mw/250Mc 


300 





A-15025-A* | A-2346-f* | Double-Ended Triode 


5Mw/250Mc 


300 





A-15040* A-15037* Double-Ended Triode 


A-15038* Coaxitron 


5Mw/425Mc 





600 


}200-1300 | 20 | — | so [oor | 








*Developmental Type Number 


SEPTEMBER 1961 


**Screen-and-Grid-Pulsed Amplifier Service 


per 1 % change in supply voltage) | 


x Pp Ri = RH. 


of types, and ratings. Variants of 
many types also can be supplied 
for specific application. For com- 
plete information, get in touch 
with the RCA Field Office near- 


est you. Or write: Marketing 
Manager, RCA Industrial Tube 
Products, RCA Electron Tube 
Division, Lancaster, Pa. 


RCA Electron Tube Division Field Offices 


INDUSTRIAL TUBE PRODUCTS SALES 
NEWARK 2, N. J., 744 Broad St., HUmboldt 5-3900 - 
CHICAGO 54, ILLINOIS, Suite 1154, Merchandise 
Mart Plaza, WHitehall 4-2900 » LOS ANGELES 22, 
CALIF., 6801 E. Washington Blvd., RAymond 3-8361 - 
BURLINGAME, CALIF., 1838 El Camino Real 
OXford 7-1620 

GOVERNMENT SALES 
HARRISON, N. J., 415 S. Fifth St., HUmboldt 5-3900 
* DAYTON 2, OHIO, 224 N. Wilkinson St., BAldwin 
6-2366 »« WASHINGTON 7, D.C., 1725 ‘‘K"’ St., 
N.W., FEderal 7-8500. 


The Most Trusted Name 
in Electronics 


RADIO CORPORATION OF AMERICA 


25 





dardize with this multi- 
‘pose film wire success! 


pwn 


PERM cla t ie Cea 
Eas c uci mgt 
in these important 
applications! 


Motors 


Poly-Thermaleze®—Patents applied for Licensees: Rea Magnet Wire Co., Inc., Division of Aluminum Company of America, and Essex Wire Corporation. 


ELECTRO-TECHNOLOGY 





@ Best balance of overall properties without 
sacrifice of any one property! 


u High dielectric for thermal protection at 
operating temperatures (Class F 155C)! 


™ Cost reduction benefits through standard- 
izing inventory to one wire for most appli- 
cations! 


Any time your problem is magnet wire, 
consult Phelps Dodge for the quickest, surest answer! 


eee PHELPS DODGE COPPER PRODUCTS 


CORPORATION 
INCA MANUFACTURING DIVISION 
FORT WAYNE, INDIANA 
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Century close-coupled pump motors 


Century close-coupled pump motors make real 
design sense, especially today when mounting space 
costs money. The overall length of the pump and 
motor assembly is considerably shortened—almost 
25°, in the pumps shown here. 


This close-coupled mounting also eliminates 
the intermediate coupling and bearing. Alignment 
of pump and motor ceases to be a problem. Mainte- 
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nance is simplified because there is less to maintain! 


Both units shown here are Century 5 horse- 
power, squirrel cage, open frame construction 


motors. Both motors are 208-220/440 volts, 3470 
RPM, 


This standard pump construction measures 
337” long from bedplate base to the end of the 


ELECTRO-TECHNOLOGY 








make this difference ... and more 


” 


pump. The close-coupled pump unit measures 25! 4 
long. This is a difference of 8°,” in overall length— 
a space saving of almost 25% in these two compara- 
ble horsepower constructions. 


The Century close-coupled pump motor is not 
a “‘special.”’ Neither is its price. You can order it 
directly from Century stock. Your Century repre- 
sentative (he’s a full-time motor specialist) or dis- 
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tributor can give you full details on close-coupled 
pump motors—including prices and delivery time. 
Contact him right away, and write for Bulletin 
1455 to: 


CENTURY ELECTRIC COMPANY 


St. Louis 3, Missouri Offices and Stock Points in Principal Cities 


lie 
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Spaulding GFW-60 is designed 

to provide industry with a material 
of extremely high burst strengths 
for such applications as circuit 
breaker arc interruption chambers, 
high-voltage fuse tubes, switch 
gear and similar type components. 
It can be furnished with fibre 
liners, metal inserts, or with 
conductive layers. 


SPAULDING GFW-60™ 


*Glass filament wound epoxy tubing 
gives industry a new 
high burst strength material 


Its ratio of burst strength to axial 
tensile strength can be varied 
to fit specific applications. 


It is available in a variety of 
circular sizes and lengths, and 
with special shapes. 


Water Absorption 


PROFILE OF CHARACTERISTICS = [onnveun 





Tensile Strength 


Compression Strength 
Axially As Received 
Radially As Received 





As with All of its Products for Industry, Spaulding Offers Complete ; 
Value Analysis and Fabricating Services for Your Application of Car deadinde, — 
GFW-60. Contact Spaulding for Details. 


SPAULDING FIBRE COMPANY, INC. 
338 WHEELER STREET, TONAWANDA, NEW YORK 
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THERE’S A hoover quality BEARING 
te) ae hay Mn Te tL ta 


This chart represents 
relative life, in 
hours, of various 
types of bearings 
in comparable se- 
ries and size based 
on uniform speed 
and load. 


DEEP GROOVE Bearings 
R, 30 light, light, 


medium, heavy series 


SUPER MAX 


Bearings in 


Toll 
Thee 


medium, heavy series 


extra 


Hoover’s exceptionally wide range of bearing 
types provides performance characteristics needed 
for practically any application . . . from high speed 
intermittent duty to prolonged life under heavy, 
constant load conditions. 


" 


Sizes range from tiny %” outside diameter R 
Series to giant 36” spherical roller bearings. Most 


DOUBLE ROW 
Bearings in light and 
medium series. 


Ball CYLINDRICAL Roller 
Theta 


medium, heavy series 


SPHERICAL Roller 
Bearings in five wide 


ly used series 


Bearings in 


types are available with snap rings, shields, seals 
or shield and seal combinations. 


Outstanding Hoover Quality . . . Micro-Velvet 
balls and Hoover Honed raceways in ball bearings, 
Super Finish raceways and rollers in roller bear- 
ings, plus other exclusive features . . . assure supe- 
rior performance. For information contact your 
Hoover bearing specialist or mail the coupon to us. 


Micro-Velvet, Hoover Honed and “Super Max”’ are Hoover Trademarks. 


ee ee ee eee ee 


ROOwer” 


BALL AND BEARING COMPANY 


5400 South State Road, Ann Arbor, Michigan 


Zone Sales 8581 South Chicago Ave., Chicago 17, Illinois 
Offices and 290 Lodi Street, Hackensack, New Jersey 
Warehouses 2020 Sovth Figveroa, Los Angeles 7, California 
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Hoover Ball and Bearing Company 

5400 South State Road, Ann Arbor, Michigan 

Please send information on the following Hoover bearings: 
Deep Groove [) “Super Max" [) Double Row [] 
Cylindrical Roller (1) Spherical Roller [) 

Hove Sales Representative Call [) 


et-9 | 


Name 
Title 
Company 
Address____ 
State. 


ee 
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Get better performance, better value—when 
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Mallory makes your contact assemblies 


SEPTEMBER 1961 


Circle 123 on Inquiry Card 


Making your own contact assemblies? 
Chances are you can get better service life, 
strength and utility ... often at lower cost 
...by having Mallory do the fabrication 
work. Our forty years of developing, manu- 
facturing and assembling contacts can serve 
you well. 


Specialized assembly methods. Our assembly 
department has a broad range of equipment 
and experience for every method of attaching 
contacts to backing members. We’re able to 
select the best method for your specific ap- 
plication—riveting, upsetting, spinning... 
torch, radiant gas and furnace brazing... 
resistance and induction brazing . . . projec- 
tion, spot, wire and magnetic head resistance 
welding . . . casting of Mallory copper alloys 
directly into Elkonite® materials. 


Specialized metalworking experience. We're 
accustomed to working with silver, tungsten, 
platinum and other contact alloys and the 
special backing materials used with them. 


Specialized assembly equipment. For the large 
volume and variety of contact assembly jobs 
we do, we have many types of highly auto- 
mated production machines, suitable for 
either short or long runs. Many of these 
permit drastic reduction in unit costs... 
and we can often modify your assembly by 
proper selection of materials to take advan- 
tage of these economies. 


Mallory Contact Service gives you... 


Materials . . . choice of 147 different contact 
materials. 


Engineering . . . value-conscious application 
assistance. 

Fabrication . . . complete, modern facilities 
for contact assembly production. 


We'll welcome the opportunity to quote on 
your next contact assembly . . . just write to 
Mallory Metallurgical Company, P. O. Box 
1582, Indianapolis 6, Indiana. 


a division of 


PR MALLORV ACO.Inc 





from Magnetic Metals... 


THERMALLY STABLE TRANSFORMER 


If you’re designing a transformer or reactor that 
must maintain constant inductance under the 
blazing desert sun or in the sub-zero cold of 
the Arctic or outer space, you need our thermally 
stable Supermu “30” laminations. They’re the 
only temperature-stabilized laminations avail- 
able anywhere. 

Special composition and the ultimate in anneal- 
itg control stabilize over a wide temperature 
range the permeability of thermally stableSupermu 
“30” laminations. Meticulous care in stamping 
eliminates burrs and preserves absolute flatness. 


LAMINATIONS 


With performance characteristics effectively sta- 
bilized, thermally stable Supermu “30” offers the 
only available solution to thermal design prob- 
lems, and is also of particular value where you 
want to miniaturize components. 

Laminations of thermally stable Supermu “30” 
are made in all standard sizes and thicknesses. 
Count on two-week delivery. Custom designs are 
available on special order. Our engineers are ready 
and well qualified to help you make the most of 
this exceptional lamination material. Write or 
call today. 


Hayes Avenue at 21st Street, Camden 1, N.J. 

853 Production Place, Newport Beach, California 
transformer laminations « motor laminations + tape-wound cores 
powdered molybdenum permalloy cores « electromagnetic shields 


MAGNETIC METALS Cc rus Qa) 


Circle 124 on Inquiry Card ELECTRO-TECHNOLOGY 





otive Engineering 


Quick Solutions 


to Your Remote Actuation Problems 


OAK ROTARY SOLENOIDS=Designing remote auto- 
matic positioning devices? Need a rugged, reliable 


remote actuator for master-slave incremental position- 
ing, for cam lifts, clutches, brakes, or presettable 
counting devices? Then you should investigate Oak 
Rotary Solenoids. Despite their small size, they'll meet 
shock and vibration requirements of MIL-S-4040A. 
Stepping torque values range from 6.4 to 64 inch- 
pounds depending upon angular stroke, temperature, 


duty cycle, and amount of power used. Designed for 
intermittent DC operation, these custom-built units can 
be adapted to provide stepping angles of 25°, 35°, 
45° and 67.5° in right- or left-hand rotation. 

Contact your local Oak sales representative to find 
out how Oak Rotary Solenoids can help you solve your 
remote actuation problems. Write for our free descrip- 
tive brochure or send a description and sketch of your 
circuit to our Applications Engineering department. 


Cr ; rc ne > elit 
eative Engineering * Quality 


OAK MANUFACTURING CO. 


CRYSTAL LAKE, 


ILLINOIS - 


telephone: Crystal Lake, 459-5000 


OAK ELECTRONICS CORPORATION, (Subsidiary) Culver City, California 


ROTARY AND PUSHBUTTOF 


APPLIANCE CONTROLS 


SEPTEMBER 1961 


. TELEVISION AND FM TUNERS ¢ SUBASSEMBLIES 


CHOPPERS ROTARY SOLENOIDS 7% « VIBRATORS 
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From General Electric... 


FOUR NEW LIMIT SWITCHES FOR 
HARD-TO-SOLVE APPLICATIONS 


Priced lower than any comparable switch. .. 


NEW PROXIMITY LIMIT SWITCH DETECTS 
MAGNETIC OR NON-MAGNETIC METAL 


Now General Electric announces a proximity switch 
that gives the maximum reliability of an all-transistorized 
circuitry (no vacuum tubes). The switch senses ferrous 
material and non-ferrous metal up to one-half inch. No 
shielded cable is required. No physical contact is re- 
quired to actuate this limit switch, so there are no arms, 
levers, or shafts to wear out. The proximity switch is 
encapsulated to prevent entry of coolants or contami- 
nants, and will operate even under water if pipe fittings 
are sealed. All these features are combined in this low- 
priced proximity limit switch which is available today. 


SPECIFICATIONS 

Maximum repetitive accuracy: .005 inch 

Minimum differential: -001 inch 

Response time: 25 milliseconds pickup, 50 milli- 
seconds dropout (with relay as 
output) 

Temperature: Operates in ambients of —20 C to 60 C 

Application: Can be used with magnetic devices or static control 

Sensing head rating: Input—30 volts d-c; Output—30 volts d-c, 250 

milliamperes 
Publication: GEA-7318 


For fast response where space is limited. . . 


NEW PRECISION SNAP-ACTION LIMIT 
SWITCH OFFERS HIGH ACCURACY 


General Electric’s new precision snap-action limit 
switch is designed to bridge the gap between the very 
small and sometimes fragile limit switches, and larger, 
enclosed limit switches. If space is limited .. . if you 
don’t need the extreme sensitivity of the small switches 
... and if you do need heavier-duty operation with good 
repetitive accuracy and fast response .. . the precision 
snap-action limit switch is the answer for your application. 

The switch is available with plunger or roller lever 
operators. Both utilize a four-point contact structure (no 
common connections) in single- and double-pole, double- 
throw forms, for more flexible circuit applications. 


SPECIFICATIONS 
Contact arrangement: 
SPST—1 NO or 1 NC 
SPDT—1 NO-1 NC 


DPST—2 NO or 2 NC 

DPDT—2 NO-2 NC 

Ratings: 
AC—up to 40 amps make, 15 amps break—single-pole; 30 amps 
make, 3 amps break—double-pole; DC—up to 2 amps “make” 
and break. Single-pole, single-throw switches are suitable for 
Ye hp, 115 V or 230 V, a-c. Double-pole forms suitable for 10 
amperes (maximum) continuous a-c. All forms available from 
110-600 volts 

Publication: GEA-7319 





Proximity and Precision Snap-action Switches Added to General Electric Line 


Limit switches are often called the “weak link” in 
industrial control. But introduction of four new, precision 
limit switches by General Electric has helped solve this 
problem. Vane- and magnet-operated limit switches, in- 
troduced in 1960, have virtually eliminated mechanical 
failures on many applications. 

Now G-E announces a new low-priced proximity switch 
that detects non-magnetic as well as magnetic metal 
with outstanding reliability. And for high accuracy, fast 
response requirements where space is limited, General 


Electric offers its new open, precision, snap-action limit 
switch. For more information, call your G-E sales engi- 
neer or write Section 811-28, General Electric Co., 
Schenectady, N. Y., for publications listed below. 


You Get MEASURABLE ADVANTAGES 


WITH GENERAL ELECTRIC CONTROL 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 


For leverless operations . . . 


NEW VANE-OPERATED LIMIT SWITCH 
IS ENCAPSULATED FOR LONGER LIFE 


The completely encapsulated design of the new vane- 
operated limit switch seals out liquids, dirt, and metal 
chips. The switch has no arms, levers, or shafts to fail. 
The result is extremely long life. For example, with 
small a-c relays, the expected operating life is 30 to 50 
million operations. The switch is actuated by passage 
of a separate ferrous vane through a slot. There is no 
physical contact, and the only moving parts are con- 
tacts which flex slightly. Price is only slightly higher than 
conventional limit switches. 


SPECIFICATIONS 
.001 second 
.0025 inch or less 


0.75 amp “make” at 115 volts a-c 


Response time: 
Repetitive accuracy: 
Contact rating: 

0.2 amp carry and break at 115 volts a-c 
Y inch (NO contact) 

Ve inch (NC contact) 

| NO or 1 NC 


Differential: 


Contact arrangements: 


Publication: GEA-6995 


Where operating path is variable. . . 


NEW MAGNET-OPERATED SWITCH OPER- 
ATES UP TO 4 INCHES FROM MAGNET 


General Electric’s new magnet-operated limit switch 
offers the features of the vane-operated switch, plus the 
ability to detect objects moving in erratic paths. The 
switch is operated by passage of a permanent magnet 
near the face of the switch. The larger of two available 
magnets can be approximately four inches from the 
switch, and still actuate it. A wide variety of mounting 
arrangements is possible: Either switch or magnet may 
be mounted on moving part, or both may be stationary 
with vane passihg between. 


SPECIFICATIONS 
Response time: 001 second 
Repetitive accuracy: With % inch dia. magnet—+.003 inch 
With 1% inch dia. magnet— + .007 inch 
Contact rating: 0.75 amp “make” at 115 volts a-c 
0.2 amp carry and break at 115 volts a-c 
Contact arrangement: 1 NO 


Publication: GEA-7305 


Circle 126 on Inquiry Card 



















































Slip Rings? 
To provide excellent electrical properties 
and long equipment life for slip rings, we 
manufacture and supply fine and coin silver 
in the form, size, finish and degree of hard- 
ness most convenient for the manufacturer 
and least productive of scrap. 


Photo courtesy of Breeze Corporations, Inc., 
Union, New Jersey 


Adjustable Contacts? 


The Handy & Harman Bimet shown here is 
used as an adjustable contact in a Rimset 
thermostat for control of residential heat- 
ing, cooling and air conditioning. It is made 
of fine silver for optimum conductivity and 
reliability, and clad with bronze to give a 
more machinable, easily threaded surface. 
Handy & Harman bimetals give you uni- 
formly clad precious metal just where you 
need it, with no excess. Available in gold 
and silver and their alloys in strip, overlays, 
inlays, edge lays and thrulays. 


Photo courtesy of Penn Controls, Inc., Goshen, 
Indiana 














If What You're Doing 


Involves Precious Metals* 


HANDY & HARMAN 
CAN HELP YOU DOIT 


Gold and silver...and their alloys...possess a combination of char- 
acteristics that offers unique advantages to the electronics and 
electrical industries. Their excellent electrical and thermal conduc- 
tivity makes them ideal for a vast range of applications, particularly 
in subminiature components. Their ability to resist corrosion im- 
parts long service life and dependability to critical control items. 
The fact, too, that they can be obtained in so many convenient 
forms...wire, strip, sheet, powder, bimetals, flakes and plating 
anodes...lends them unusual versatility. 





These are only a few examples of the ways in which Handy & 
Harman precious metals are used in the electronics and electrical 
fields. Perhaps they will suggest some ideas to help you apply them 
advantageously in your own products or operations. Our technical 
staff invites your inquiries. No obligation. 


+ GOLD & GOLD ALLOYS + SILVER AND SILVER ALLOYS 
BIMETALS + SILVER PAINTS » POWDERS AND FLAKE 


Your No. 1 Source of Supply and Authority on Precious Metals 





HANDY & HARMAN 


“General Offices: 850 Third Avenue, New York 22, N. Y. 


Offices and Plants: Bridgeport, Conn. * Chicago, Ill. * Cleveland, Ohio 
Dallas, Texas * Detroit, Mich. * Los Angeles, Calif. * Providence, R. I. s 


Toronto, Ontario * Montreal, Quebec 





Rotary Switches? 


Low contact resistance and ability 
to withstand corrosion make silver 
ideal for switch parts. The stationary 
contacts of this rotary switch are 
made of fine silver...the multiple 
leaf brushes are of durable silver 
alloy. Life tests of one million oper- 
ations, representing several years of 
normal use, show that “Zero” re- 
sistance of 0.001 ohm through the 
switch body changes by less than 
0.0005 ohm. 

Photo courtesy of Leeds & Northrup 
Company, Philadelphia, Pa. 
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Differentia l-Input X.Y Oscilloscope 


DC-TO-450 


UB 4d ele 
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; 
ts 


16 tubes and all components 


readily accessible 


tae. ea) 
<t * 


for easy maintenance. 
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ate APPLICATION 

Adjusting Insertion Characteristics of an X Band 
Filter. Instrumentation includes a Tektronix Type 
503 Oscilloscope working in conjunction with 
ALFRED Model 626 Microwave Oscillator and 
Model 708 Microwave Filter. 


Photo courtesy of ALFRED ELECTRONICS, Palo Alto, California 


The Type 503 Oscilloscope contains practically 
identical vertical and horizontal amplifiers—as well 
as a wide-range of calibrated sweeps. The two ampli- 
fiers supply an accurate means for plotting curves 
using the X-Y method of operation. Both amplifiers 
offer single-ended inputs for conventional operations, 
or differential inputs for cancellation of common- 
mode signals—with four input-ground switches pro- 
vided for quick ground-reference check. 


With the differential-input X-Y feature, linear 
sweeps, and dependable triggering—combined with 
simplified circuitry and quality components, functional 
layout and minimum controls, light weight and small 
size for a 5-inch oscilloscope—the Type 503 ideally 
suits most applications in the dc-to-450 ke range, 
either in the lab or in the field. 


For a demonstration of the Type 503 Oscilloscope, or RM503 
(rack-mounting model) call your Tektronix Field Engineer. 


TYPE 503 SPECIFICATIONS 


Vertical and Horizontal Amplifiers 
Frequency Response—dc to 450 kc (at 3 db down). 
Sensitivity—1 mv/cm to 20 v/cm in 14 calibrated steps. 
Continuously variable uncalibrated from 1 mv/cm to 
50 v/cm. 
Differential input and constant input impedance at all atten- 
uator settings. 
Sweep Range and Magnification 
Linear Sweeps—1 usec/cm to 5 sec/cm in 21 calibrated rates. 
Continuously variable uncalibrated from1 usec/cm to 
12 sec/cm. 
Sweep Magnification—2, 5, 10, 20, or 50 times. 
Triggering Facilities 
Fully automatic, recurrent, or amplitude-level selection on 
rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line. 
Tektronix Cathode-Ray Tube 
5-inch crt at 3KV accelerating potential provides bright trace 
(even under high ambient light) on 8 cm by 10 cm viewing 
area. 
Amplitude Calibrator 
500 mv and 5 mv peak-to-peak square-wave voltages available 
from front panel. 
Regulated Power Supplies 
All critical dc voltages—and the input-stage heaters of both 
amplifiers—are electronically regulated. 
Size and Weight 
13,” high x 9%” wide x 211%” deep—approximately 29 pounds. 


Type 503 Oscilloscope . 


Rack-Mounting Model Also Available. . . 640 
(dimensions are 7” high by 19” wide by 16%," deep) 


(prices f.0.b. factory) 


Fenonix, Inc. P.O. Box 500 * Beaverton, Oregon * Phone Mitchell 4.0161 * TWX—BEAV 311 © Cable: TEKTRONIX 


sro FIELD CPPICES: Ibuquerque, N. Mex. « Atlanta 
¢ Detroit (Latt h.) « 
. Calif. » West Le rpet 
shkeepsie, N.Y. « San Diego, Calif, 


TEKTRONIX ENGINEERING REPRESENTATIVES: Hawi 


ark Ridge, il) « Cleveland, Ohio « Dallas, Texas « Dayton, Ohic 
n) -° Los Angeles Area East Los A Calif 
delphia, Pa. © Phoe 
nnanda e, V a ). 


s by qualified « 


In Europe please write Tektronix Inc., Victoria Ave., St. Sampsons, Guernsey C.l., for the address of the Tektronix Representative in your country 
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Note that TWO NEMA Size 2 and THREE NEMA Size 1 ARROW-HART “RA” Starters Fit 
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We went 


COMPACT 
10 years ago! 





Space-thrifty starters are not new... at Arrow-Hart! 
We've made this design for over 10 years. This means 
' oe ze you buy 10 years’ field-proven experience with 
3 | y) pot or Pep = can offer you that. 
: nd nobody else can offer you an *AMBIENT 
MUS CO COMPENSATED OVERLOAD RELAY that Automatically 
h rag compensates for cold or heat from —20°F to +165°F. 
For the whole compact story, Nema sizes 00 
through 5, write for Form A-262-R to 
The Arrow-Hart & Hegeman Electric Company, 
Dept. ET, 103 Hawthorn Street, Hartford 6, Connecticut. 


MOTOR CONTROLS « ENCLOSED SWITCHES « WIRING DEVICES * APPLIANCE SWITCHES 
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YOU READ 


FACT 


You can depend on readings from Hickok Taut Band Meters to be fact—not friction error. 


HICKOK Taut Band Meters have eliminated friction because they do not use pivots, jewels and 
hairsprings; the causes of friction in conventional meter movements. 


In addition, HICKOK Taut Band Meters provide: 


ULTRA SENSITIVITY: Full scale sensitivities to as LOW TERMINAL RESISTANCE: Hickok Taut Band 
low as 2 wa on panel meters; portable meters as Meters offer unusually low terminal resistance— 
low as ¥2 wa full scale. if you need it. For instance, a 50 wa Taut Band 


Meter can have a resistance as low as 60 ohms. 
UNEQUALLED ACCURACY: No ffriction error 
permits greater accuracy and repeatability of LONG LIFE: The complete elimination of wearing 
readings. Suspension is free from fatigue effect. parts has increased life indefinitely. 
HICKOK Taut Band Meters are available in practically all DC meter sizes, with scales up to 250°. 


Consult with a Hickok Engineer about using HICKOK Taut Band Meters in your applications . . . 
Write for full technical information. 


THE H [3 K O K ELECTRICAL INSTRUMENT CO. 


10541 Dupont Avenue .- Cleveland 8, Ohio 


Circle 130 on Inquiry Card ELECTRO-TECHNOLOGY 


394039 





TST 


Complex or simple, big or small, custom or stock . . . Royal’s engineer- 
ing and design facilities are able to develop a complete power supply 
cord, styled to help your product sell . . . dimensioned to speed your 
product assembly. In black or colors to match your product, and 
trade-marked or name branded for you (on orders of sufficient volume ). 
In rubber, neoprene, vinyl or braided jackets, including water-resistant, 
ozone-resistant, and non-marking compounds — with molded-on caps, 
connectors, strain reliefs, special attachments — in fact, exactly to 
your specs in every detail. There’s a wide selection of cord ratings, sizes, 
constructions, from 2-conductors up . . . and a big toolroom of stock 
molds ready to cut or eliminate design time and tooling costs. Prompt 
deliveries, too. 

WRITE FOR ENGINEERING CATALOG No. 5-59 — OR ASK 
TO HAVE OUR REPRESENTATIVE CALL. 
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ROYAL ELECTRIC CORPORATION 
PAWTUCKET, RHODE ISLAND 


In California: Electric Cords & Supply Corp., 
413 East 3rd St., Los Angeles 13 


In Canada: Royal Electric Company (Quebec) Ltd., 
Pointe Claire, Quebec 
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Whats your problem? If you can solve it with a 


New Cutler-Hammer operator options provide top flexibility... 
world's best oiltight limit switch 


For any use, anywhere, in any position . . . you just 
can’t buy a more reliable, longer-life switch. No 


other switch is sealed more effectively . . . effective- 
ness we’ve proved under test conditions so rugged 
they will never be equaled in actual service. Even 
the silver-to-silver contacts are visible for quick in- 


spection. For full details on this complete new line, 
write for Pub. ED-145-S231. 

For any electrical control problem, contact your 
local Cutler-Hammer sales office or distributor. 
They'll supply you with the finest electrical com- 
ponents, the finest service and technical help. 





ak 





limit switch, your best answer's here! 


WHAT’S NEW? ASK... 


CUTLER-HAMMER 


Cutler-Hammer Inc., Milwaukee, Wisconsin e Division: Airborne Instruments Laboratory e Subsidiary: Cutler 
Hammer International, C. A. e Associates: Cutler-Hammer Canada, Ltd.; Cutler-Hammer Mexicana, S. A 
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POSITIVE SERVO SYSTEM STABILITY 





...now possible because Beckman’ velocity-damped 


Stability is one of the major prob- 
lems facing today’s servo systems 
designer. A damping technique of 
some type must be used when it is 
important that motors follow high 
gain input signals without oscilla- 
tion or instability. 

What’s the best method of achiev- 
ing stability? Helipot’s answer is 
the Velocity-Damped Servomotor — 
with unique advantages over any 
other damping technique. These 
units introduce viscous friction, or 
damping, into the servo system by 
greatly simplified and extremely re- 
liable electro-mechanical means. 
Compare this to the damping gener- 
ator. Velocity-damped servomotors 
can be used in nearly 80% of the 
applications where motor-generators 
are now being used. These new 
Helipot units eliminate amplifier 
feedback channels as well as the null 
voltage and phasing problems associ- 
ated with motor-generator feedback 
loops. And velocity-damped units 
are more reliable, lighter in weight, 
smaller in size, and lower in cost. 


Let's examine the facts. 


Position versus Time 





Time T2(MG or VM) 


T; (Motor) 
CRUG DE ninctinieidiemnin WE AWG <in dn etme s 


Here’s what happens. The figure 
above plots position against time, 
assuming a step input. It illustrates 
the difference in settling time be- 
tween a standard servomotor and a 
Beckman Velocity-Damped Servomo- 
tor. Note that the velocity-damped 
unit, while not reaching its position 
as fast as the servomotor, does damp- 
en out much sooner. 


JUST HOW DOES VELOCITY-DAMPING 
WORK? 

A magnetic damper section, consist- 
ing of alow inertia drag-cup integral 





servomotors replace complicated rate-feedback systems! 


with the motor shaft and two fixed 
permanent magnets, is attached to 
the servomotor in much the same 
manner as a generator. Currents are 
induced in the cup as it rotates 
around the magnets. The force ex- 
erted on the cup results in a retard- 
ing torque, or damping effect, on the 
motor shaft. 


And this is adjustable damping. It’s 
possible because polarity between 
the two magnets is variable, provid- 
ing a means by which the total forces 
due to induced currents can be ex- 
ternally controlled. Even with the 
motor in operation, the amount of 
damp can easily be adjusted by set- 
screw and locknut. 


WHERE CAN VELOCITY-DAMPED UNITS 
REPLACE MOTOR-GENERATORS? 


The damping effect of velocity- 
damped units is directly proportional 
to speed in the same way that gener- 
ators produce a feedback voltage pro- 
portional to speed. It follows that 
the two are theoretically interchange- 
able in position servo application. 


And they are—up to 80% of the time. 
Their use is limited only where more 
damping is required than can be ob- 
tained from the two magnets. The 
factor here is one of physical size 
alone. 


WHAT SPECIFIC ADVANTAGES DO 
VELOCITY-DAMPED UNITS HAVE? 


You'll find that Beckman velocity- 
damped servomotors have 7 big 
plusses when compared to motor- 
generators. Take a look. 


1. ELIMINATE NULL VOLTAGE AND PHAS- 
ING PROBLEMS by replacing rate-feed- 
back loops with magnetic damper sec- 
tion. 


2. MORE RELIABLE because there is 
one less stator and its associated 
winding. 

3. DAMPING ADJUSTMENT eliminates 
the need for trimming of circuits. 
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4. CONSUME LESS POWER because of 
the energy stored in the permanent 
magnets. 


5. REDUCED TEMPERATURE SENSITIVITY 
due to direct application of drag 
torque to rotor. 


6. SMALLER SIZE AND LIGHTER WEIGHT 
in sizes 11, 15, and 18. 


7. AND... LOWER IN COST IN ALL SIZES! 


Maximum Differential 
Range 
dyne cm. sec/rad 


9008 -1301-0 
9008-1302-0 
9011-1301-0 





*Higher maximum damping is available at a sacrifice 
of differential range 


Beckman Velocity-Damped Servomo- 
tors are available in the above models, 
and also in sizes 15 and 18. They’re 
precision-built by Helipot to give 
you a more effective method of over- 
coming stability problems. 





The Beckman Size 8 and 11 Velocity-Damped 
Servomotors 


WANT MORE INFORMATION ? Detailed 
specs and additional product facts 
are included in the Beckman Size 
8-11 Servomotor Catalog. It also con- 
tains all necessary transfer function 
equations for the calculation of your 
damping requirements. To get a copy, 
call your nearest Helipot Sales Engi- 
neering Rep or write direct. 


INSTRUMENTS, INC. 
HELIPOT DIVISION 


Fullerton, Calif. 
POTS : MOTORS : METERS 
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NEW MIL RESISTORS....iron [@]= ba =) 


“INSULATED” 
MIL-R-26C RESISTORS 


RESISTORS SHOWN TWICE S/ZE 


OHMITE 


Wire-wound, Sealed in Silicone-Ceramic 


NEW MIL-R-26C AMENDMENT 2 IN BRIEF: By means of this new 
amendment, specification MIL-R-26C is extended to include three sizes of 
insulated, wire-wound resistors with axial leads. The new insulated resistors 
meet all requirements of MIL-R-26C including a dielectric strength test 
(1000-volt, V-block) and an insulation resistance test (100-volt, V-block). 
Currently, tolerance is specified as 5% and maximum ambient temperature 
rating as 275°C. 

INSULATED RESISTOR CONSTRUCTION: A single layer of 
resistance alloy wire is wound on a ceramic core. Metal end caps, with axial 
leads attached by welding, are then fitted snugly over each end of the core. 
A molded jacket of silicone-ceramic material completes the unit by sealing 
the entire assembly. 

Through research and advanced production know-how, Ohmite is able to 
introduce this advanced product line to meet the demanding new requirements 
of its Military and Industrial customers. 


Dia. +.020 
0.323 


Length +.020 
0.917 


Char. Watts 
Vv 6.5 
G 


Resist. Range* 


0.10 to 3600 ohms 


Mil Des. 
RW67 


5. 
RW68 0.10 to 8200 ohms 1.823 0.343 
3. 


RW69 25 0.10 to 910 ohms 0.542 0.230 


*MIL-R-26C limit for single-layer winding. 


SEPTEMBER 1961 Circle 135 on Inquiry Card 


Anticipating 
Industry’s Needs 
In Quality 
Components 


OHMITE MANUFACTURING COMPANY 
361° Howard Street, Skokie, Illinois 


“ » 





SILICONE NEWS from Dow Corning 


or Faster Processing 


ca 


New ready-to-use silicone rubber 
insulates, bonds; saves time, money 


Silastic® RTV 891, the new squeeze-from-a-tube silicone rubber can save 
time and money for you. It has already helped a leading motor producer 
make a five-fold cut in the time required to insulate form-wound motor 
coil connections. The technique is simple: silicone rubber caps — molded 
of Silastic and available from rubber fabricators — are filled with Silastic 
RTV 891 and slipped over the brazed connections. Result: five connections 
can be insulated in the time formerly required for one! 


Silastic RTV 891 cures to a rubbery solid without catalyst, without heat, 
without sagging or slumping. Once cured, it bonds securely to both leads 
and Silastic caps. Each connection is completely sealed against moisture, 
abrasives, chemicals; will withstand temperatures from “_75 to 260C 
(—100 to 500 F). 


Ease of application, electrical properties, moisture resistance and heat 
stability make this new Dow Corning product a valuable tool for sealing 
or bonding in many electrical and electronic applications. Some of the 
many uses “include: bonding components to printed circuits; insulating and 
sealing wire and cable connectors; sealing conduit and terminal boxes: 
sealing compression connectors: bonding components in place; sealing 
enclosures. For Silastic RTV 891 or for more information on this product, 
contact the Dow Corning Authorized Distributor nearest you. 


Circle 136 on Inquiry Card 


| 
| 


TypicaAL ELECTRICAL PROPERTIES 
Or Sriastic RTV 891 


After Curing at 77 F 
And 50% Relative 
Humidity 
One Week Four Weeks 
Electric Strength, volts 
per mil (65-mil thickness, 
4” ASTM electrodes 

in oil, rapid rise) 


ASTM D 149 


Volume Resistivity* 
ohm-centimeters 


(ASTM D 257) 


Dielectric Constant* 

(ASTM D150) 

Per Second: 
at 60 cycles ......... 
at 1000 cycles ------- 
at 0.1 megacycles ---- 


350 


2.5 x 10" 1x 10" 


Dissipation Factor* 

(ASTM D150) 

Per Second: 
Oe NS cee cnace 
en 
0.1 megacycles ~----- 


0.002 
0.001 
0.001 


* Measured using potted, modified Cardwell ER- 
50-FS fixed capacitors as electrodes. 


0.001 
0.001 


= Dow Corning 
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these silicones 


Tape cuts costs 50 to 60% 


Triangular Guideline tape, made with Silastic® silicone 
rubber, gives you the superior protection of a silicone 
insulation system while cutting application costs from 50 
to 60% compared with conventional taped systems. A 
single wrap of Guideline tape is all that’s needed to pro- 
duce the entire primary insulation wall thickness. The 
tape bonds to itself . . . beveled edges overlap to produce 
a void-free insulation structure . . . conspicuous center 
line makes it easy to achieve a precise half-lap wrap of 
uniform thickness. Guideline tape, made of Silastic, pro- 
duces a homogeneous, resilient insulation system that 
resists heat, cold, moisture, abrasives, many chemicals 
and corrosive atmospheres. 
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The Dow Corning Authorized Dis- 
tributor nearest you is your best 
source for slot liners, magnet wire, 
top sticks, phase insulation, coil *8rownell Electrical Insulation 
dividers, tape, tying cord, filling New York 11, N.Y. 
materials, dipping varnish, adhe- 
sives, compounds, Silastic RTV and 
other performance-engineered sili- 
cone materials. 


Rochester, N. Y. 


Oklahoma City, Oklahoma 


*C. D. LaMoree Company 
Los Angeles 15, California 


*C. E. Riggs, Inc. 
Portland, Oregon 


*Earl B. Beach Company 

Pittsburgh 21, Pennsylvania 
AUTHORIZED DISTRIBUTOR E&H Electric Supply Co. 
Louisville 3, Kentucky 


Allied Electrical Insulation, Inc. 


Butts Electric Supply Company 


Easy-to-use encapsulant 


Encapsulating random wound motors against heat, cold, 
moisture, and abrasives is now a simple matter with 
Silastic RTV, the Dow Corning silicone rubber that cures 
at room temperature. It pours smoothly into place; bonds 
tightly to primed surfaces and quickly vulcanizes into a 
void-free, homogeneous rubber jacket. When cured, it 
expands and contracts with windings and laminations . . . 
will not hairline crack. The process for application is 
simple: (1) paint end turns and lamination surfaces with 
primer; (2) put simple forms in place; (3) pour cata- 
lyzed Silastic RTV over coil end turns. Handy kits con- 
taining everything you need are available from the 
Authorized Distributor in your area. 
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Electrical Insulation Suppliers, Inc. 
Atlanta, Georgia 


*Prehler Electrical Insulation Co. 
Chicago 39, Illinois 


Electrical Maintenance Equipment Co. 


Robert McKeown Company, Inc. 
Philadelphia 23, Pennsylvania 


Livingston, New Jersey 


*Insulation and Wires Incorporated 


*Summers Electric Company 
St. Paul 1, Minnesota 


Dallas 1, Texas 


*Insulation Manufacturers Corporation 


The Electric Motor Supply Co. 
Chicago 6, Iliinois 


Baltimore 2, Maryland 


J. R. Christensen Agency 


The Huse-Liberty Mica Company 
Salt Lake City 11, Utah 


Peabody, Massachusetts 


McNaughton-McKay 


*Tri-State Supply Corporation 
Detroit 4, Michigan 


Los Angeles 13, California 


National Electric Coil Company 


White Supply Company 
Columbus 16, Ohio 


St. Lovis 10, Missouri 


* These Distributors also have offices in other cities 


For complete data on any of these silicone products, 


write Dow Corning Corporation, Dept. 4321, Midland, Michigan. 


SEPTEMBER 1961 





HOW T0 MEASURE 
/A NOISE 
YOU CAN T HEAR 


Vibrations detected by a sensitive pickup, 
then amplified and analyzed by electronic 
equipment, enable S&F engineers to mea- 
sure almost imperceptible noises occurring 
in rotating ball and roller bearings. Based on 
long-continued investigation, noise and vi- 
bration appear to be almost solely the result 
of minute deviations in the surface geometry 
of the rolling elements and rings. Detection 
of this surface “waviness” as a source of 
bearing noise is an important SSF con- 
tribution towards solving the problem of 
producing quieter, smoother running bear- 
ings. Methods developed for minimizing 
waviness have already resulted in the quiet- 
est bearings yet made for electric motors 
and other equipment, as well as even greater 
precision in the high quality bearings for 
aero-space and similar applications. 
Advanced research is one of the reasons 
why S&F maintains its leadership in pro- 
ducing finer rolling contact bearings. What- 
ever bearings you need—ball, cylindrical 
roller, spherical roller, tapered roller or pre- 
cision miniature types — you'll find Sar 
your assurance of dependable performance. 
SF Industries Inc., Philadelphia 32, Pa. 


6102 


Advanced ball and roller bearing technology 
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New Transistor Applications 


Looking for simplicity in a servo amplifier? 


This Class B push-pull servo amplifier 

using Honeywell’s medium power tran- 

sistors features: 

© Temperature compensation—the ger- 
manium diode compensates for the 
transistor emitter diode temperature 
characteristic. 


Negligible crossover distortion—the 
same diode applies a slight forward 
bias so that the transistors are operat- 
ing Class AB, 


Honeywell 


Sales and Service offices in all 
principal cities of the world. 


SEPTEMBER 1961 


© Medium power—rated at 6 watts out- 
put into a size 15 servo motor. 
© Simplicity—permits a package size lim- 
ited only by the heat dissipators. 
Honeywell’s medium power transistors 
are packaged in a compact case for ease 
of mounting and versatility of wiring. 
For specifications and additional informa- 
tion, send the coupon below to: Honey- 
well, Dept. EO-9-134, Minneapolis 8, 
Minnesota. 


COMPONENTS 


Q: Qo—Honeywell 2N 1658 

R,—5 ohms—R»2—1000 ohms 

C,—5uf—D,—I1N 91 or equivalent 

Vec—28 VDC —M—Size 15 servo motor 

T,—UTC SSO-14 or equivalent 

Eg—400 cycle generator with Rg~1500 
ohms 


H, Ho—5” x 5” x 1/16” aluminum plates 


KINDLY CHECK ONE OR BOTH OF THE FOLLOWING: 


ADDRESS 


COMPANY 


Ciry 
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([] Please send me your 2N 1658 and 2N 1659 specification sheets which include 
notes on the above servo amplifier. 


(() Please have a Honeywell field engineer call on me at my convenience. 
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You Get MORE THAN A MOTOR with 
General Electric’s Form G... for example... 


The 


Right Motor 
on Time 


A delivery schedule is a promise made—one to be 
kept. And we’re proud of General Electric’s Form G 
record on that score. 

A total of five highly automated manufacturing 
lines in three separate plants stands ready to make 
sure you get the exact fhp motors you ordered .. . and 
get them when you want them. 

In addition to fine delivery performance, you get 
these MORE THAN A MOTOR benefits with Gen- 
eral Electric Form G motors: Years-ahead Design 
Leadership ... Expert Application Aid ... Versatility 
Personified ... Ease of Assembly ... Fast, Local Service. 





THESE YEARS-AHEAD FORM G MOTOR FEATURES 
MEAN LONG LIFE, RELIABLE PERFORMANCE 


1. RELIABLE SWITCH—Centrifugally- 
operated switch has been life-tested to 
last for more than 3,500,000 operations. 
Dependable switch mechanism operates 
with positive snap action. 


3. RUST-RESISTANT SHAFT—special 
gunmetal-like treatment of motor shaft 
resists rust and corrosion, simplifies 
product service. Fans, pulleys, and cou- 
plings are easy to remove. 


5. THRUST PROTECTION—Interlocking 
washer assembly withstands normal thrust 
from any direction, regardless of motor 
angle. The assembly also acts as an oil 
seal for long motor life. 


2. LONG-LIFE STATOR—heavy-duty 
stator bonding dip and Mylar*  insu- 
lation protect against damage caused 
by heat, stress, moisture. Stator 
clamps provide additional rigidity. 


4. LONG-LIFE LUBRICATION—over 
50% more oil than in old-design motors 
and an efficient oil retention system 
contribute to motor's doubled lubrication 
life; cut maintenance. 


6. COMPLETE LINE—Over 850 basic 
models—and literally thousands of vari- 
ations—mean there's a standard Gen- 
eral Electric Form G motor to meet your 
product's exact requirements. 


* Registered trade-mark of Du Pont Co. 


56 frames. For more information, call your G-E Sales 
Engineer or write for bulletin GEA-6424 to Section 
721-10, General Electric Co., Schenectady 5, N. Y. 


You get these added values at no extra cost. So 
why settle for less? 
Form G fhp motors are available in NEMA 48 and 


Progress /s Our Most Important Product 
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From Indiana Stee/ Products Division of 
INDIANA GENERAL CORPORATION 


The ultra-high vacuum obtain- 
able with this Variah Vacion 
pump provides the nearest 
earthbound equivalent to outer 
space — showing effects on 
equipment, clothing, etc. The 
pump shown has a capacity of 
800 liters/second and uses 
approx. 276 ibs. of INDOX V. 


INDOX’V magnets improve space chamber vacuums 


Indiana Steel’s INDOX V permanent magnets are helping Varian 
Vacion pumps obtain verified vacuums past 10 ° mm Hg. Result: 
better space chambers, plus many additional critical vacuum 
applications. 


Advanced design ion pumps, manufactured by Varian 
Associates, Palo Alto, Calif., are providing ultra-high 
vacuums with greater efficiency. In fact, these pumps, 
using powerful Inpox V magnets, are largely replacing 
diffusion pumps on critical vacuum applications. 


After a mechanical roughing pump removes most of the 
air from a given vessel, the ion pump goes into opera- 
tion. High voltage is applied, ionizing some of the gas 
particles and forcing electrons toward the anode. The 
powerful magnetic field of the Inpox V permanent 
magnet deflects the traveling electrons into spiral paths, 
increasing path lengths and, therefore, the number of 
particle collisions and degree of ionization. Finally, the 


Orvisrow OF 


INDIANA 


ions bombard titanium cathode plates which frees 
titanium atoms to form stable compounds with the 
atoms of oxygen and nitrogen which are then deposited 
on the anode grid. Inert gases are also removed by 
burial in the cathode and entrapment on the anode. 


Varian selected Indiana Steel INnpDox V magnets both 
for their magnetic characteristics and their uniform 
quality. Inpox V is a highly oriented ceramic magnet 
material with a peak energy product 31% times greater 
than conventional unoriented barium ferrite materials. 
It is lightweight and extremely resistant to the effects 
of demagnetization. 


Whether it’s a question of choice of magnet or a design 
problem, why don’t you take advantage of Indiana’s 
wealth of experience, research leadership and special- 
ized engineering “know-how”? Write today, outlining 
your needs. For further details on the INDox family of 
magnetic materials, ask for Bulletin 18A, Dept. B-9. 


Vacion is a trademark of Varian Associates. 


Phone HOward 2-3111 * Direct Distance Dialing Code 219 


INDIANA STEEL PRODUCTS 


VALPARAISO, INDIANA 


GENERAL 


CORPORATION 
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| MIGROCIRCUITRY 
AVAILABLE IN QUANTITY 


THREE NEW FAIRCHILD MICROLOGIC COMPUTER 
ELEMENTS Available for immediate volume delivery are 
the Flip-flop, the Gate, and the Half-shift Register. These 
high-speed, low-power devices operate at bit rates in ex- 
cess of 1 mc. For the first time complete arithmetic and 
control sections can be produced with SILICON PLANAR, 
SINGLE CHIP logic building blocks. 


DESIGN AND ASSEMBLY COST REDUCTIONS — 
UP TO 90% Fairchild Micrologic elements can reduce 


system design and assembly costs up to 90%, space re- 
quirements up to 95%, and power needs up to 75%, thus 
making many new computer applications practical and 
economically feasible. They can be used over the full 
military temperature range (—55° C. to +125° C.). 


RELIABILITY — 500,000 HOURS AT 125°C 

The equivalent of 3,000,000 component operating hours 
without a single failure. A new order of stability and re- 
liability is made possible by the Fairchild Planar process 
with total protection of the passivated oxide surface. 


SILICON PLANAR SINGLE CHIP CIRCUITS 


UNRETOUCHED PHOTOGRAPHS MAGNIFIED 5 TIMES 


“FE” FLIP-FLOP 
TO-5 size header 


“G”" GATE 
TO-5 weil header 


“S” HALF-SHIFT REGISTER 
TO-5 size header 


pd |e 


NOR DIAGRAMS AND CIRCUITS FOR EQUIVALENT FUNCTIONS 


For complete data, specifications and pricing information 
contact your Fairchild Field Sales Office. Or write direct. 
Three additional elements (the Half-adder, Buffer and 
Counter Adapter) will be available soon to complete 

the Fairchild Micrologic family. 


pl and wLogic are trademarks of Fairchild Semiconductor, a 
Division of Fairchild Camera and Instrument Corporation 


HF-AIRCHILD 


di ieee Aa 
SEMICONDUCTOR 


545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF. - YORKSHIRE 8-8161 - TWX: MN VW CAL 853 


A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 
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Cables insulated and jacketed with BAKELITE viny] link the IBM 1401 Data Processing 
System with auxiliary equipment. These cables, which permit flexibility of operation, 


are manufactured by Brand-Rex Division of American Enka Corp., 


Here's why IBM uses 


Concord Mass. 


VINYL INSULATED-JACKETED CABLE 


Every component of the IBM 1401 Data Processing System 
is designed to operate at peak efficiency. For example, carry- 
ing the signals between this electronic processing unit and 
separately housed auxiliary equipment are multiconductor 
interconnecting cables insulated and jacketed with quality 
BAKELITE v inyl. A distinguished record of reliable cable per- 
formance has led IBM to use vinyl as protection for these 
complex cable assemblies. 

Along with the important advantage of flame resistance, 
BAKELITE vinyl offers outstanding toughness, resistance to 
abrasion, aging, deformation, moisture and chemicals . . 
plus excellent electrical properties. These properties, pre- 


requisites for long-term, dependable service, also recommend 
BAKELITE vinyl as insulation and jacketing for appliance 
wiring, flexible cords, hookup wire and instrument wire. 

For full information on how quality BAkELrreE viny] insula- 
tion and jacketing will increase the efficiency, performance 
and reliability of your product, write Dept. JX-42P, Union 
Carbide Plastics Company, Division of Union Carbide Cor- 
poration, 270 Park Avenue, New 
York 17, New York. In Canada: 
Union Carbide Canada Limited, 
Toronto 12. 


UNION 
CARBIDE 


The terms BAKELITE and Union Carpipe are registered trade marks of Union Carbide Corporation. 
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CUT CONTROL PANEL COSTS 
AND SAVE SPACE WITH 


COMBINED SIGNAL & SWITCH 


Write for FREE CATALOG 


on LIGHTED SWITCHES. 
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The most modern contro! panel designs 
combine indicator lights and 
pushbutton switches wherever possible. 
This cuts costs by reducing the 
number of components, and speeds 
assembly. Overall panel size can often 
be reduced as much as 75%. And 
these ‘‘human-engineered”’ controls 
sell better because operation is 
obviously simplified. Here are just 
three of the many lighted pushbuttons 


available from Control Switch Division... 


CONTROLS COMPANY 


SWITCHLITE 


—_ 
alee 


TWINLITE 


« 
an i eee 
ciel 


bl aa) 


ee eid) 


TREYLITE 


SWITCHLITE Model J8003 shown is a 
single lamp, D.P.D.T., push-push. Independ- 
ent lamp circuit for 6, 14 or 28 volts. Rated 
3 amp res., 1 amp ind. @ 28 VDC or 115 VAC. 
Mounts in %” dia. hole. 4 button styles, sev- 
eral lens colors. 


TWINLITE. .. two lamps with independent 
circuits for 2-color lighting. Lens 1” x .740’ 
in solid or split colors, with or without name- 
plate slot. Momentary or push-push action, 
or solenoid-held switch shown above. Rated 
4 amp res., 2.5 amp ind. @ 30 VDC; 5 amp 
@ 125/250 VAC. Mount in groups or singly, 
using barriers. 


TREYLITE . . . three independent lamps, 
each with color filter so three colors can be 
sequenced on white pushbutton screen. 
D.P.D.T. switch rated 4 amp res., 2.5 amp 
ind. @ 30 VDC; 5 amp @ 125/250 VAC. Select 
momentary or push-push action. Models for 
flush-panel mounting (shown above) or sub- 
panel mounting. 


OF AMERICA 


CONTROL SWITCH DIVISION 


4238 Lake Street « Chicago 24, Illinois e Telephone Van Buren 6-3100 « TWX CG1400 


Manufacturers of a full line of switches, controls and indicators for all military and commercial 
applications. All standard units stocked for immediate delivery by leading parts Distributors. 
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NEW General Electric 10-amp, 


ACTUAL 


~ OFFERS 4 SIGNIFICANT 
FEATURES NO OTHER 
F RELAY CAN MATCH! 


1. ONLY 300-VOLT RELAY WITH 
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SNAP-IN TROUGH COVER between top and middle rows 
of relays (on lower half of panel above) has been re- 
moved to show how relay sides form own wiring trough. 
Space-consuming wiring trough is eliminated, and relays 
can be mounted closer together. 


CONVERTIBLE CONTACTS 


You can change contacts from nor- 
mally open to normally closed in 
90 seconds ... with only a screw. 
driver. Coils too, can be changed 
in seconds ... and you can make 
up any form you need through 8 
poles from basic 4-pole relay. Re- 
sult: increased flexibility, reduced 
inventory costs. 


ONLY 300-VOLT RELAY TO FORM ITS 
OWN WIRING TROUGH 


New CR120 relays eliminate need 
for separate wiring trough—tre- 
quire only 554 square inches of 
mounting area. Result: panel size 
is substantially reduced because 
you can mount more relays in a 
given space. 


ONLY 300-VOLT RELAY WITH ALL 
TERMINALS OUT-IN-FRONT 


There’s no double-decking of ter- 
minals to complicate hook-up. Wir- 
ing and maintenance are simple 
because all terminals are out-in- 
front where they are most acces- 
sible. Result: important savings in 
installation and maintenance time 
and costs, 


ONLY 300-VOLT RELAY OFFERING 
ALL THESE FORMS 


Choose from standard 2-, 4-, 6-, 
and 8-pole relays and latched and 
pneumatic timer forms. Also avail- 
able are 2-pole adder kits, allow- 
ing you to assemble 6- and 8-pole 
relays from basic 4-pole form. 

Your General Electric sales en- 
gineer has a sample of this new 
300-volt relay. Call him today for 
a demonstration. Or, write for pub- 
lication GEA-7329, General Elec- 
tric Co., Section 811-26, Schenec- 
tady 5, New York. 
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300-volt industrial relay... 


Save Panel Space, Installation Time With These 


90-SECOND CONTACT CHANGE—Convertible 
contacts may be changed from normally 
open to normally closed with only a screw- 
driver . . . in the field. Allows you circuit 
flexibility, reduces your relay inventory. 


WIDELY-SPACED TERMINAL BARRIERS—Plenty 
of space between terminal barriers (% 
inch) allows you easy access with stand- 
ard screwdriver for connecting leads. Large 
pan-head screws add to ease of hookup. 


Ke 
Be naked ncn an ncaa oleae 


BUILDING BLOCK POLE-ADDERS—T wo-pole add- 
ers can be mounted on sides of basic re- 
lay to give 6- or 8-pole device. Allows you 
building-block flexibility . . . in the field. 
All forms also available from factory. 


ALL TERMINALS IN FRONT—Have terminal- 
board accessibility—no need for double- 
decking . . . even on 8-pole forms. Result: 
complete accessibility from the front means 
installation time is greatly reduced. 


VISIBLE CONTACTS—AIl contacts are visible 
at a glance. You can check panel functions 
manually by moving indicating tab. ON- 
OFF identification on marking strip indi- 
cates whether or not coil is energized. 


COMPATIBLE DESIGN FOR ALL FORMS—Same 
design used for latched relays, relays and 
timer (1 to r). Height, wiring arrange- 
ment, and terminal locations are alike 
for all forms. Result: simplified installation. 


Design Features 


HANDY WRITE-ON MARKING STRIP—White 
nylon marking strip lets you label each 
relay and all wires. Result: visual iden- 
tification of relay and wire numbers saves 
time when inspecting or trouble shooting. 


30-SECOND COIL CHANGE—Inspect or replace 
coil by loosening two screws and pulling 
out coil. Can be done without the use of 
special tools . . . and without removing 
the relay from the panel. 


HIGH CONTACT FIDELITY—Self-cleaning con- 
tacts have unique “scrubbing” action. Mov- 
able contact springs are mounted at an angle 
so contacts slide over each other to wipe 
off contaminants. 
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SQUARE D NORDpaAK 


NoRpaK is a significant advance in the field of 

static switching. Like other static systems, NORPak 

performs the functions of machine tool relays, stepping relays, 
latching relays and timers — all without contacts or motion 

of any kind. Like other static systems, NORPAk is ideal 

for applications where speed is important—where reliability 
and long life are essential—where conditions make 


conventional magnetic devices impractical. 


But unlike other static switching 
systems, NORpAaK otters the 
important advantages 

shown on the next page ...-: s: 


ACTUAL 


SQUARE J) COMPANY 
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—A SIMPLER, FASTER, STATIC CONTROL! 


EASIEST TO APPLY 

The transistor NOR unit is the basis of NORPak. UNMATCHED SPEED 

All logic functions AND, OR, NOT, MEMORY worpak provides switching at rates up to 

—can be accomplished with combinations of 25,000 per second—faster than any other 

this single NOR unit. NORpak is not compli- yf industrial static system. 

cated—it’s easy to apply to conventional cir- 

cuits. Units are color-coded for quick identifi- SMALLEST COMMERCIAL 

cation. Simple DC circuit eliminates worry PACKAGES 

about phase relationships. NOR pak is available in the form of individ- 
ual components, or in completely engineered 
systems. Components are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 


EXTRA DEPENDABILITY 

NOR units have been time-tested in com- 
puter use for years. They are not subject to 
wear, will give top performance indefinitely, 
and provide unfailing circuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual evi- 
dence of proper performance. Simple dynam- 
ic sequence tester checks individual NOR 
units in operation. 


EXPERT APPLICATION 

HELP 

Field specialists, factory-trained in all as- 
pects of NORpak, can give you on-the-spot 
answers to any application questions. 


nworpak is availabie as individ- 
ual components for application 
to specific control functions, or 
as completely engineered sys- 
tems ranging from the smaliest 
to the largest panels 


© Write for the complete story on NORpak 
— its theory, application and operation. 
Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wisconsin 


(Oo) ...design leadership 
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Ultra-Miniature, Ultra-High-Speed 
NANOSECOND* Pulse Transformers 


‘ 


Just a 


‘squint’ larger 


than the eraser on your pencil 


SPECIALLY DESIGNED FOR DIGITAL CIRCUITS 
AND OTHER TRANSISTORIZED APPLICATIONS 


Here's the new Sprague Type 43Z Nanosecond 

Pulse Transformer! Almost unbelievably tiny, it's 

specially designed for digital and other low-level 
transistorized circuits. Scrupulously engineered, too, for the 
all important parameter of minimum rise time at high repeti- 
tion rates up to 10 mc. 


Type 43Z Pulse Transformers are designed to hold 
the product of leakage inductance and distributed 
‘ capacitance at a minimum. Consequently, you'll find 
them especially appropriate for transformer coupling in 
transistor circuits (since transformers and transistors are very 
compatible low impedance devices). You'll also find Nano- 
second Pulse Transformers equally suitable for transmission 
line mode of operation, for twisted-pair transmission line 


*millimicrosecond 


SPRAGUE COMPONENTS 


PULSE TRANSFORMERS 
CAPACITORS 
TRANSISTORS 
RESISTORS 


INTERFERENCE FILTERS 
MAGNETIC COMPONENTS 
PIEZOELECTRIC CERAMICS 
PULSE-FORMING NETWORKS 
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coupling, for narrow pulses with small differentiating time 
constants, and regenerative circuits as well. 


Circuit designers find the epoxy-encapsulated “pan- 

cake” package ideal for both etched wire board 

and conventional chassis mounting. To simplify etched- 
board design, these ultra-miniature pulse transformers are 
available with leads terminating at the side or at the bottom 
of each unit. 


Standard ratings for new Type 43Z Series include a 
broad line of 72 pulse transformers in 10 popular 
turns ratios. For complete technical information on Type 
43Z Nanosecond Pulse Transformers, write for Engineering 
Data Sheet 40235 to Technical Literature Section, Sprague 
Electric Co., 307 Marshall St., North Adams, Massachusetts. 


ST 


THE MARK OF RELIABILITY 


HIGH TEMPERATURE MAGNET WIRE 
CERAMIC-BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 
FUNCTIONAL DIGITAL CIRCUITS 


‘Sprague’ and ‘@’ are registered trademarks of the Sprague Electric Co. 
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‘Electro-Technology 


Formerly Electrical Manufacturing 


information Storage and Retrieval 


\ FIRST STEP in any research and development 
project is a search of the literature, primarily to 
avoid duplication of effort and perhaps to avoid 
taking steps that might ultimately result in patent 
litigation. As technology becomes more sophisti- 
cated, the business of consulting the literature 
grows more complex. 

The United States Government is the party most 
concerned with duplication of effort — and that 
concern involves all of us as taxpayers. In fiscal 
1960, over $8 billion was spent for U. S. Govern- 
ment R & D projects. This amount was twice that 
spent three years before, and the pace of such ex- 
penditures continues to accelerate. The question of 
whether unknowing duplication of research can be 
prevented therefore becomes more pressing as time 
goes on. 

This whole problem is being studied by a Senate 
Sub-committee on Reorganization and International 
Organizations headed by Senator Hubert H. Hum- 
phrey. A report issued by his group* reveals that 
the problem is being attacked on two levels: classi- 
fication and indexing of published reports of com- 
pleted research work, and indexing of current proj- 
ects so as to anticipate by a year or two completed 
project reports and to include those that die for 
lack of results, At present, there is no inter-agency 
inventory of an estimated 160,000 current projects 
being performed in as many as 9000 research facil- 
ities, 

The basic problem in classification and indexing 
is a semantic one —-i.e., the vocabulary of how 
things are “called out.” The sub-committee report 
mentioned recognizes the need for a common index- 
ing language that will serve as a basis for a coor- 
dinate system of classification. In a literature search 
effort, such a system of word indexing could then 
be implemented by the logic of classes, which lends 
itself inherently to computing-machine processing 

perhaps hy Boolean algebra techniques: for 
example, (A:BeC*-D) + (A*B)*(F*G*H). where 
A. B, C, ete. represent individual index terms. 

At present, there are several coordinate indexing 
systems in use. The first was the Uniterm system 
developed by Mortimer Taube of Documentation, 
Inc. This firm was put in business by the Armed 
Services Technical Information Agency (ASTIA) in 
1952. The system has since been updated,+ and in 
the physical sciences and engineering now has 19 
fields and 292 “descriptor” groups. The Air Force 
has set up its own vocabulary with 3000 key words 
in 33 technical areas, such as electronics research 
and materials research.t The Department of De- 
fense has another system identified as DD-613. 

* Coordination of Information on urrent Scientific Research and 


Development Supported by U. S. Government, April 17, 1961. U. S 
Government Printing Office 


Thesaurus of ASTIA Descriptors, May 1960, Department of Defense 
t Identified as the CATE System (Current Air Force Technical Effort). 
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Just recently, the Department of Commerce, in 
its U. S. Government Research Reports (issued 
twice a month by the Office of Technical Services) 
hegan including in its abstracts a list of 10 to 20 
descriptors as key index words.** The large num- 
ber of words used would imply that these descrip- 
tors would serve best in a coordinate system to be 
handled on automatic data-processing equipment. 
ASTIA now searches by computer. 

The American Society of Metals is taking a lead- 
ing part in information research with respect to 
metallurgical literature classifications. ASM began 
this work in 1943 using conventional library tech- 
niques. In 1960, the society tied in with an experi- 
mental electronic retrieval machine developed at 
Western Reserve University in Cleveland. In May 
of this year, ASM and WRU put into use a General 
Electric 225 computer with special programming 
features for conducting literature searches. This 
facility is probably the forerunner of what may be- 
come common practice within five years. As our 
technology expands and gets more analytical, the 
finite problem areas become more diverse. To search 
out the specialties, card/file-tray techniques will 
not suffice and a coordinate indexing system that 
will pinpoint the problem in a vast group structure 
will become a necessity. 

We, on our part, feel the need for further study 
to provide article subject-matter classifications that 
will be of most help to our readers in later retrieval. 
Recently a reader suggested that we adopt the 
Uniterm descriptor system on our index “cards” 
published each month in the front of the magazine 
as a reader service. For guidance, we made a spot 
check among some 40 librarians at reader plant 
locations. The results indicated that about one- 
quarter of them use the Uniterm system of index- 
ing periodicals and 38 per cent (all told) apply 
the Uniterm classification in some form or other, 
or to documents and books only. It was gratifying 
to learn also that about one-quarter of those 
queried make use of our index-card facility. As a 
part of our examination of the feasibility (for our 
purposes) of such a system as the Uniterm de- 
scriptors, we would welcome comment from the 
vast majority of our readers who are not profes- 
sional librarians but who may have devised their 
own index systems for data retrieval. Meanwhile, 
we will watch government unification efforts in 
adopting search descriptors for work in science 
and engineering. 


Sronk 9), (ka 


Editor 
** First displayed in Volume 36, No. 1, July 5, 1961, without ex 
planation as to source. 





DEGLI TALL 


Logic Modules 


A review of the theory of operation of 


@ Diode gates 


@ Transistor-diode logic 

@ Transistor-resistor logic 

@ Resistor-capacitor transistor logic 
@ Direct-coupled transistor logic 


Examples illustrate electrical and physical characteristics of available devices. 


JOHN R. RIGGS 
Associate Editor 


IT WOULD BE DIFFICULT to estimate the actual relative 
value of all of the electrical (or electronic) equipments 
produced today which utilize digital techniques. From 
the massive computers themselves, through various com- 
munication systems, to the control of automated machine 
tools, digital logic provides many of the answers to the 
designer’s constant search for accuracy, speed, minia- 
turization, etc., in performing many functions. 

Digital techniques originated, of course, in the labora- 
tories of the computer manufacturers, where their original 
purpose was strictly for numerical computation. These 
manufacturers developed and built their own equipment. 
When the techniques began to be used in other areas, 
however, designers of many types of equipment found 
the need for packages, or modules, which could perform 
certain digital functions—these modules to be coordinated 
and “built in” with other components. The result was a 
demand for digital modules in great numbers. 

In view of the rapid and recent growth of the produc- 
tion of these devices, it is our intention in this article to 
bring into focus some of the various kinds that are avail- 
able—describing them electrically and physically with 
illustrations and examples. (No attempt is made to de- 
scribe a manufacturer’s complete line of modules.) As 
in any fast-growing field, there are conflicting terminolo- 
gies being used, confusing abbreviations are abundant, 
and standardization is at a minimum. Perhaps the follow- 
ing will provide a guide to the solution of some of these 


problems for the designer seeking to utilize digital 
modules. 


64 


In this article we have barely touched the surface of 
all the functional types of modules that are available. 
We have limited ourselves to those modules that perform 
the basic logic functions (AND, oR, etc.). There are numer- 
ous others — flip-flops, drivers, multivibrators, registers, 
etc.—available. In these cases, however, standardization 
and regularity of circuit design are even more lacking 
and the system designer who obtains one type of module 
from one manufacturer is almost forced to obtain all 
modules from that same source to obtain any coherency 
in his design. 

Diode Gates. Two of the most important basic 
circuits in digital computation are those that perform 
the AND and or functions. One of the simplest and most 
effective ways of achieving these functions is with the 
use of the simple diode. In the earliest days of comput- 
ing, such circuits were built up using electromagnetic 
relays (hence the use of the term “switching circuits” 
used by some sources in referring to them). Electron- 
tube rectifiers (or diodes) were eventually used to take 
the place of the relays and their contacts and, when semi- 


Inputs 


ee 
Fig. 1 — Basic diode AND 
gate. Fig. 2—Basic diode or gate. 
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conductor devices made their appearance, tubes were 
soon to give way to germanium or silicon diodes. 

As a simplification, most manufacturers of diode 
modules refer to those that perform the AND or oR func- 
tion as “gates.” (A few, however, call the AND circuit 
a “gate” and the or circuit a “buffer.”) Diode gates are 
passive elements and, since the power needed at their 
inputs is greater than the power they deliver, some form 
of amplification is usually required. This can take the form 
of a transistor, a vacuum tube or a magnetic amplifier. It 
is the combination of diodes with transistors as amplifiers 
that makes up a large class of digital modules which we 
will discuss later. 

Another important characteristic of diode gates is that 
they operate in conventional on-off modes and cannot pro- 
vide phase inversion of a signal. That is, an input, for 
instance, which is negative with regard to some reference. 
cannot be made positive with respect to the reference. 
In terms of logic circuits, this means that if the input 
is a zero, the output is a zero; or if the input is 
Bb, the output is B. Thus, the Not function cannot be per- 
formed, and in order to implement (or convert to operat- 
ing hardware) a function containing both a function (or 
functions) and its complement, it is necessary to have 
the variable available in both forms. 

A basic diode AND circuit is shown in Fig. 1. A gate 
with three inputs is shown for illustration only; it could 
be designed for any number of inputs. In discussing the 
operation of the gate, it will be assumed that the forward 
voltage drops in the diodes can be neglected. If the 
values of the three input signals are either E, (for a 
logic “1”) or Ey (for a logic “0”), the relationship be- 
tween the input values and the supply can be expressed 
E > E, > E,. It can be seen that if any one of the inputs 
is at E,, that diode conducts, reducing the level at E,., 
to the same value as E,. The other two diodes are thus 
reverse-biased and do not conduct. Similar circumstances 
exist if two of the inputs are at E, or if all three are. 
If, however, all three inputs are at the level of E,, all 
three diodes conduct evenly and the level of E,.,; is also 
at E,. Thus, if all inputs are at Ey, the output is Ep. If 
they are all at E,, the output is E,. The ANnp function is 
thereby provided. 

The basic OR circuit, shown in Fig. 2, is similar to 
the AND with some polarities reversed. In this case, the 
voltage relations are E, > E, > E. If any one of the in- 
puts is at the level of E,, that diode conducts, raising the 
level of the output to EZ, and cutting off the other diodes. 
Similar circumstances exist if more than one (or all 
three) of the inputs are E,. This is not an exclusive or 
since the output is E, when any one or all of the inputs 
is E;. 

The functioning of the two circuits shown in Figs. 1 
and 2 reverses if the values of the inputs are reversed. 
That is, if E > E, > E, in Fig. 1, the circuit becomes an 
or. The original circuit is thus called a “positive” AND, 
and the original circuit in Fig. 2 is a “negative” or. 

@ ExampLe 1: A number of companies supply diode 
gates of various configurations mounted on printed-cir- 
cuit card modules. Typical are those supplied by Com- 
pany A.* In this case, the card modules are 414 x 8 in. 


* Names and addresses of suppliers of logic modules, identified by letters, are 
listed at ond of text. 
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and they mount in a 35-contact connector. Available 
combinations of circuits on one card include eight 3-input 
or’s, five 5-input or’s, eight 3-input AND’s, five 5-input 
AND’s, etc. The OR units are l-ma gates which may be 
driven directly from any other circuit but must drive 
a p-n-p emitter-follower when feeding an AND gate load 
and an n-p-n emitter-follower when driving a flip-flop. 
The AND gates are 4-ma units capable of feeding one of 
any other circuit type. These units are rated for a tem- 
perature range of 10 to 55 C and a frequency range from 
d-c to 200 ke. Logic levels are 0 and —6 volts. 

Modules in a different mechanical configuration but 
with essentially the same circuit arrangements are also 
supplied by Company A. These are encapsulated modules 
for use with plug-in sockets. The standard metal can size 
is 0.9 x 0.9 x 2.06 in. One of these units is a positive 
OR containing two 3-input gates with a 9-pin base. Others 
with a 14-pin base include: two 5-input orR’s, four 2-input 
or’s, and one 8-input oR. Similar negative AND units are 
available. They are designed for operation at frequencies 
from d-c to 200 ke. At high frequencies, they are re- 
stricted in load to one emitter follower. The AND modules 
can be obtained to carry load currents for a logic “1” 
of either 3 ma or 6 ma. Maximum ambient temperature 
range is —55 to 71 C. 

e@ EXAMPLE 2: Diode card modules are also supplied 
by Company B, although the circuits consist of diodes 
only, with no power-supply resistors. One of these units 
has six 4-diode circuits on one card. The anodes of the 
diodes in each group are tied together with the common 
point brought out. They are intended for use as supple- 
mentary AND input units for other gates or inverter cir- 
cuits. On another card module, there are one group of 
8 logic diodes, one group of 6 diodes, and 7 individual 
diodes. In both cases, if more diodes are required in 
any one circuit, the groups can be combined; but in no 
case should the total number of diode inputs to any cir- 
cuit exceed ten to avoid excessive temperatures. The cards 


Fig. 3—Four 3-input AND gates combined to produce the out- 
put ABC + ADE + AFG + AHJ. (Engineered Electronics 
Co.) 
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for these modules are 414 x 7 in. and have 35-pin con- 
nectors. The temperature range is from —40 to 71 C. 

@ Examp ce 3: In a cylindrical can 4g in. in diam. 
and 2 7/16 in. long including the plug-in base, Com- 
pany C provides a variety of diode gates. These include 
either a 2-input AND, a 3-input AND, a 7-input AND, two 
5-input AND s, or four 3-input AND’s in one container. The 
circuit diagram of the latter is shown in Fig. 3. The 
diodes are germanium. The output stages of these AND’s 
contain isolation diodes which exhibit the isolation 
characteristics of an OR gate. The outputs are then termi- 


Fig. 4—Miniaturized 3-input gate: (a) circuit and (b) dimen- 
sions. (Delco Radio) 


Fig. 5 Typical 5-input 
diode gate in molded form 
for plug-in applications. 
(Cambridge Thermionic 
Corp.) 


Fig. 6 — Microelectronic 
module performs combined 
AND and or functions: (a) 
dimensions and (b) circuit. 


(Varo Inc.) 
<—&k 


nated at a common terminal. The logic expression for the 
output in this case is thus ABC + ADE + AFG + AH]. 
The frequency range is from d-c to 250 ke and the input 
levels are —3 volts for a logic “1” and —11 volts for 
logic “0.” The operating temperature range is —54 
to 65 C. 

e@ Examp_e 4: Moving into the area of modules for 
miniaturization techniques, Company B provides three 
diodes connected as shown in Fig. 4(a). No resistor 
or power-supply connection is provided. This group of 
diodes can perform any of several functions, including 
use as supplementary AND inputs for flip-flops. Each of 
the functions to be AND’ed is brought to a diode input 
and the common point is taken to the input of the follow- 
ing circuit. More than one group of diodes may be so 
connected; however, the total number of AND diodes to 
any circuit should not exceed ten if temperature problems 
are to be avoided. The physical dimensions of the unit 
are shown in Fig. 4(b). The unit is assembled using 
resistance-welding techniques and is vacuum encapsulated 
in a filled epoxy resin. Pins are provided for dip soldering 
to printed-circuit boards or for resistance welding to in- 
terconnecting wiring. The operating temperature range 
is —60 to 71 C. 

e@ ExAmpPLe 5: Five-input diode AND’s and orR’s are 
supplied by Company D in a molded unit which is 7% 
x 54 x 7% in. with a standard 7-pin miniature base (Fig. 
5). Any desired multiple of five input channels may be 
obtained by paralleling outputs of two or more gates 
and connecting only one of the gates to the supply voltage. 
The output voltage is within +0.55 volt of the most nega- 
tive input. In the absence of any inputs more negative 
than the supply, the output appears as a 1.5 k resistor 
in series with the supply. 

@ EXxAmpPLe 6: A six-input diode aNp gate is supplied 
by Company E in an epoxy-encapsulated unit which is 
1 x 0.75 x 0.350 in. The supply voltage is 10 volts and 
the inputs are 0 volts for logic “1” and —5 volts for 
logic “0”. It is designed for operation at 100 kc. This 
unit is color-coded for circuit identification, as are most 
of those described in these examples. 

@ EXAMPLE 7: Another unit designed for microelec- 
tronics is one whose dimensions are shown at (a) in 
Fig. 6. This module, produced by Company F, contains 
silicon diodes and deposited resistors to form the circuit 
shown at (b). The circuit performs a combination of 
AND and or functions and the complements of the inputs 
are required. The logic equation for the circuit is D = 
ABC + ABC + ABC + ABC. The anp-gate resistors are 
all connected to a common point, so that the gates can 
be used either positively or negatively. The resistors are 
all of the same value and this value can be manufactured 
in the range from 100 ohms to 20 k so that the circuit 
can operate with a variety of equipments. 

Inverters and Emitter Followers. As stated pre- 
viously, logic circuits utilizing modules containing only 
diode gates must rely on some form of amplification and, 
if required, some means of inverting the signal to obtain 
a complement. These functions are performed by tran- 
sistor units termed “inverters” and “emitter followers.” 
The inverter is a simple amplifier which also inherently 
inverts the signal. (The fact that this latter operation is 
not always desirable sometimes makes it necessary to 
have two transistors in series to obtain the desired output 
of a circuit.) The inversion performed is termed a NOT 
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logic function. The emitter-follower circuit is quite similar 
to a cathode-follower electron-tube circuit. With an 
emitter follower, a large current amplification can be 
obtained, but the voltage gain is slightly less than one. 
As with the cathode follower, there is no inversion of the 
input signal. 

@ Example 8: The circuit of an inverter supplied 
by Company B is shown in Fig. 7. For this circuit, the 
logic inputs are —-0.3 volts or more positive for a “1,” 
and —6.0 volts or more negative for a “0”. The logic 
gain is 5. The transistor is operated in a saturated mode 
to obtain independence of transistor parameter variations 
and to provide stability and long life. It can be seen that. 
when the input is relatively positive (for a logic “1”’). 
the transistor is cut off. The diode connected to the output 
is thus biased positively and the output is at —6 volts 
(which, of course, is a logic “0”). When the input drops 
to the negative level, the transistor conducts and the 
level of the output rises to approximately zero. The diode 
in the output is termed a “clamping” diode since it holds 
the negative output at the proper value. The capacitor 
in the input of the circuit is to minimize storage time. 
In this circuit, the full-load delay plus rise time is 0.5 
microsec max, and the full-load storage plus fall time is 
1.5 microsec max. This unit is provided in an encapsulated 
configuration similar to that in Fig. 4(b), except that the 
thickness is 0.4 in. Company B also provides four in- 
dividual inverters mounted on a printed-circuit card. 

e@ EXAMPLE 9: Inverters are supplied by Company G 
in a variety of three configurations. The first is a can 
measuring 7. in. in diam and 1 9/16 in. high, with a 
9-pin plug-in header. The second is a cartridge type of 
enclosure measuring 1.125 x 1.225 x 0.412 in. The di- 
mensions of the third type are shown in Fig. 8. The outer 
case is injection-molded diallyl phthalate and the com- 
ponents are encapsulated in a thermosetting epoxy resin 
material. The units are designed for operation in ambient 
temperatures from —54 to 125 C. Power supplies for 
these units are +18, +6 and — 6 volts. Correspondingly. 
the logic levels are +6 for a logic “1” and zero for a 
logic ". 

@ Examp.Le 10: Emitter followers may be designed 
using either p-n-p or n-p-n transistors. Company A offers 
modules containing two emitter followers of either type. 
The circuit for a module containing two p-n-p emitter 
followers is shown in Fig. 9(a), while the p-n-p circuits 


+18 volt 


Fig. 9—Two types of basic emitter-follower circuits: (a) with 
p-n-p transistors, and (b) with n-p-n units. (Epsco Inc.) 
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Fig. 7—Typical inverter cir- 
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cuit. (Deleo Radio) | 
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Fig. 8—Dimensions of en- 
capsulated module contain- jrid spacing 
ing inverter circuits. (Wal- 4-pin header has pin 
kirt) > nad & amitted 


!-pin header 


are shown in Fig. 9(b). In any case, the level of the 
emitter follows that of the input. In both of these circuits, 
the logic levels are approximately zero and —6 volts. 
These units are available in the modules described in 
EXAMPLE 1. 

@ EXxAMPLe 11. The p-n-p emitter-follower is efficient 
in pulling the potential of the output toward the negative 
direction. but current through the emitter resistor is 
necessary to increase the output level positively. The 
opposite situation is true of the n-p-n emitter-follower. 
The two can thus be combined in a push-pull arrangement 
as shown in the circuit in Fig. 10. This module 
actually contains four germanium transistors to provide 
two emitter-follower circuits. It provides current gain, 


circuit isolation, and increases the load-driving capabili- 
ties of the input. Signal frequency range is from d-c to 
| me. Logic input levels are —3 volts for “1” and —11 


“0”. This unit is contained in a cylindrical 
package which has a diameter of % in. and a length of 
2 7/16 in. including the plug-in base. It is made by 
Company C. 

e@ EXAMPLE 12: A unit containing one emitter-follower 
and one inverter is provided by Company H in an en- 
capsulated module such as that shown in Fig. 11. The 
two circuits can be used either independently or in com- 
bination. The input levels are 0 and —3.8 volts. Two- 
input and 3-input diode gates and other combinations of 


volts for 


Outputs 


-12 volts 


Fig. 10--Emitter followers in push-pull arrangement. (En- 
gineered Electronics Co.) 





emitter followers and inverters are also included in this 
line. The package size in all cases is approximately 2 
x | x 0.4 in. These units are designed for an operational 
speed of 100 kc and temperatures from —20 to 60 C. 

Transistor-Diode Logic (TDL). 


In considering di- 


Fig. 11—Cutaway view of an encapsulated module. 
(Amperex Electronic Corp.) 


Fig. 12—Plug-in card module carrying four NANpD cir- 
cuits. (Computer Control Co.) 
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ode gates and single transistor circuits (inverters or 
emitter followers), we pointed out that, in most circuits 
of any degree of complication, they are used in various 
combinations. It is only natural, then, that there should 
be units available in which the combinations have already 
been made. Most of these units combine either a diode 
OR gate or a diode AND gate with an inverter. The results 
are either NOR’s or NAND’s. These are extremely useful 
units (they are sometimes termed “universal connec- 
tives”) with which it is often possible to implement an 
entire logic network. (Transistor-diode units are not the 
only types of modules which can provide the NOR or 
NAND function. Others will be discussed later.) Units are 
also available with diode gates combined with emitter 
followers. 

@ Examp Le 13: Company G supplies a complete series 
of diode AND and oR gates with emitter followers. They 
are available as both single and dual units and the emitter 
followers may be either n-p-n, p-n-p, or the combination 
push-pull type. All of the single units have four inputs 
and the dual circuits have two inputs on each side. For 
the p-n-p units, the relatively high impedance of the diode 
logic, coupled with the emitter follower, restricts the 
operation of the gates to applications where d-c level is 
the principal logic output and where subsequent trigger- 
ing of pulse circuits is limited. The n-p-n units utilize 
diode logic with lower impedance. Their performance is 
superior to the p-n-p units because the positive-going rise 
time and low impedance are maintained, allowing free 
use of subsequent triggered circuits. The combination 
units (the circuit used is called “complementary symme- 
try’) perform comparably to the n-p-n units with the 
advantage of having a higher frequency of operation and 
the ability to drive up to three AND gates. These units 
are available in the same physical configurations ae those 
described in EXAMPLE 9. 

@ Examp Le 14: The unit shown in Fig. 12 is typical 
of the line of gates made by Company I. This unit con- 
tains four NAND gates as well as two 3-input and two 2- 
input diode gates. The NAND’s are thus expandable. For 
example, the components on one card can be wired as two 
5-input and two 4-input gates. Figure 13 shows the circuit 


Fig. 13—A NAND gate and a 
simple diode gate on one 
card with connections avail- 
able for varying circuit ar- 
rangements. (Computer 
Control Co.) > 
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amplifying circuits. (Vitro Laboratories) 
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Pig. 15—Quadruple gate with ANp and or 
functions combined. (Vitro Laboratories) 


m— 0.335 mox 


—_— 
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Fig. 16—Dimensions of an 
integrated microelectronic 
NOR module. ( Raytheon) 


atnailias 


of one NAND and one diode gate. This unit will operate at 
speeds from d-c to 1 mc and is capable of driving seven 
other standard loads of the same type. Logic levels are 
0 and —6 volts, and the temperature range is from —20 
to 55 C. 

@ ExampLe 15: Two 5-input Nor circuits or four 
2-input NOR circuits are available on printed-circuit cards 
measuring 2 11/16 x 31% in. from Company J. For nega- 
tive inputs, the multiple-input diodes function as an OR 
gate; and for positive inputs, the diodes serve as an AND 
gate. The units are thus actually Nor’s or NAND’s. (This 
is generally true of all gates of this type.) Approximately 
0.2 microsec is the average pulse-propagation time 
through one of these circuits. One circuit is capable of 
driving five other Nor’s, five flip-flops, eight gate resistors, 
or five gate capacitors. These units are rated for 200 
ke operation at a temperature range from —10 to 55 C. 

@ EXAMPLE 16: An AND gate with an expanded ampli- 
fying circuit is shown in Fig. 14. This is supplied by 
Company K. There are two gates in the unit and it can 
be seen that each gate contains three transistors in series. 
The first transistor in each circuit is an emitter follower, 
the second is an amplifier, the third an emitter-follower. 
The circuit is d-c coupled with essentially no d-c shift 
from input to output, making the output insensitive to 
small changes in input, so that any number of sequential 
logical operations may be employed. The signal levels, 
both at input and output, are 1.5 volts for “0” and zero 
for “1”. The signal delay is 0.3 microsec. Another unit 
supplied by this company is a quadruple gate whose cir- 
cuit is shown in Fig. 15. The unit performs the logical 
summation of four essentially independent triple multi- 
plications. The output is thus ABC + ADE + AFG + 
AHI. The module is primarily intended for use in time- 
division multiplexers where a single serial representation 
of many bits of information is required. Both of these 
units are contained in a metal package 13% in. diam x 314 
in. high. 

e@ EXAMPLE 17: On a printed-circuit card that meas- 
ures 14 x 414 x 6 in., Company L provides two six-input 
NAND’s for positive inputs, or NoR’s for negative inputs. 
Each diode gate is connected to the base of a transistor- 
inverter whose emitter and collector are both available 
for external connections. Delay of a pulse through a 
diode and its inverter is approximately 30 nanosec. The 
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Fig. 17—Transistor-diode logic with a double inversion. (Del- 
co Radio) 


unit is also available with the diodes reversed for the 
opposite-polarity inputs. 

@ EXxAmpLe 18: One of the most recent devices to be 
announced is a NOR circuit which is standard in configura- 
tion but in which the transistor, diode, resistor and 
capacitor functions are all integrated in a wafer of silicon 
semiconductor material. This has been announced by 
Company E, and only field-test data are currently avail- 
able. However, the unit is contained in a package with the 
dimensions shown in Fig. 16. It is a 3-input gate. 

@ Examp te 19: In another variation of transistor- 
diode logic, the circuit in Fig. 17 provides two transistors 
so that a double inversion is accomplished. An output 
terminal is provided between the two, however, so that 
the output signal can be obtained either inverted or not. 
This circuit is supplied by Company B in a configuration 
similar to Fig. 4(b), except that the thickness is 0.6 in. 
The logic levels are —0.3 volt for a “1” and —6.0 
volts for a “0”. 

e@ ExampLe 20: A module produced by Company M 
contains two independent 4-input diode gate circuits with 
transistor amplifiers. The two circuits may be used as 
negative-input OR gates or positive-input AND gates. Each 
gate may be used independently or they may be con- 
nected together to form an 8-input gate. Both the emitter 
and the collector of each transistor amplifier are brought 
out to terminals. This enables the two transistors to be 
connected in series to provide a positive-input AND-OR 
combination. The units are rated to operate from d-c 
to 5 mc. These are printed-circuit card modules and they 
are 314 x 6 in. They have a delay time of 40 nanosec in 
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zoing from OFF to ON and 50 nanosec from ON to OFF. 

e@ EXxampLe 21: An interesting example of transistor- 
diode logic is the exclusive OR circuit shown in Fig. 18. 
It will be remembered that the standard diode or is not 
“exclusive” since any one or all of the inputs will pro- 
duce an output. The exclusive OR produces an output 
when one, and only one, input is present. If the inputs 
are A and B and the output is C, the logic equation is 
C = AB + AB. In this circuit, which is supplied by 


Company C, the emitter of transistor Q1 is supplied by 
a diode or gate which seeks the most positive of the two 
input levels. The base of Q1 is supplied by an AnD gate 
which seeks the most negative of the two input levels. 
Thus, the transistor will be turned on only when the two 
inputs are at opposite levels. Transistor (2 is an emitter 
follower. Logic levels for this unit are —3 and —1] 
volts. It is supplied in the same enclosure described in 
EXAMPLE 3. 


Microminiaturization in Logic Modules 


{In the main body of this article, the 
commercially available logic circuits 
of eighteen different companies are 
used to illustrate various types of 
circuits. The modules described vary 
as to the degree of miniaturization 
that has been achieved in their manu- 
facture. (See Examples 4, 6, and 7, 
for instance.) As an indication of the 
rapid growth of this field, there are 
still other companies who are deveiop- 
ing logic modules on a strictly micro- 
miniaturized basis, utilizing various 
concepts of thin-film and integrated 
circuits. 

Not all of these newly developed 
units are available in quantity lots 
and, in most cases, a limited variety 
of circuits has been developed. How- 
ever, work is proceeding rapidly and 
new units are being announced with 
increasing frequency. We shall men- 
tion a few of these concerns and the 
work they are doing, although their 
inclusion here does not mean that 
the companies mentioned in the body 
of the article are not also developing 
new units along the same lines. 

Fairchild Semiconductor Corp. has 
available a flip-flop which is made by 
diffusing transistors and resistors into 
a single slab of silicon. Metallic in- 
traconnections are then deposited on 
top of the slab and the slab is cut 
into individual elements. The ele- 
ments are mounted in either TO-5 or 
TO-18 standard packages with eight 
leads. Five other units, including 
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Fig. A—Binary-coded decimal-to-dec- 
imal converter containing 40 sili- 
con diodes: (1) multi-element con- 
nector, (2) solid-state matrix, (3) 
finished plug-in package. (Burroughs 
Corp.) 


gates, are to be available soon. (Fdi- 
tor’s Note: At the time this article 
went to press, Fairchild announced 
the availability of their Nor gate in 
this physical configuration.) 

MicroSemiconductor Corp. has de 
veloped a diode module which is 
built to customer specifications in 
which eight diodes can be contained 
in a package with dimensions of 
0.250 x 0.125 x 0.030 in. Individual 
diode electrical parameters are avail- 
able in excess of 2 nanosec recovery 
and 2 pf capacitance. The diodes are 
surface passivated. 

In the unit shown in Fig. A, Bur- 
roughs Corp. has developed a binary- 
coded decimal-to-decimal converter 
containing 40 silicon diodes and de- 
signed to drive an indicator tube di- 
rectly, The dimensions are 1 x 0.6 x 
0.3 in. In the manufacture of these 
devices a single silicon wafer is dif- 
fused to form a large planar diode. 
From the wafer, as many elements as 
are desired in the final device are 
simultaneously fabricated in a specific 
pattern. The resultant array is joined 
to a circuit plate which provides in 
put and output connections. By proc- 
essing the individual elements within 
a unit under identical conditions, 
variations between elements are re- 
duced. Other modules are being de- 
veloped. 

Under development at Philco Corp. 
are integrated components containing 
silicon diode arrays with a common 
cathode (Fig. B) and silicon transis- 
tor-diode gates with fan-outs up to 
five. These are packaged in TO-5 or 
TO-18 enclosures and are available as 
engineering samples. 

Logic modules are being iabricated 
to customer specifications by P. R. 
Mallory & Co. using what is known 
as a “pellet” approach. In this tech- 
nique, components in a_ cylindrical 
configuration are mounted in holes in 
a printed circuit board. Interconnec- 
tions between the circuit pattern 
printed on the board and the pellets 
are made with conductive cement. 
The assembly is then cast in trans- 
parent epoxy. Typical pellet compon- 
ents include carbon-composition re- 
sistors which are 0.098 in. in diam 
and 0.063 in long. Active components 
compatible with the system have not 
yet been developed. 

Available from General  Instru 


ment’s Semiconductor Division is a 
flip-flop package in an epoxy module 
1.35 x 0.75 x 0.50 in, Other logi 
circuits in various configurations ar: 
available according to customer speci 
fications. 

Microminiature modules using inte 
grated techniques are made by Texas 
Instruments in a configuration which 
is approximately 4 x %& x pe in. 
Typical of the available units of this 
type is a bistable multivibrator net- 
work. Others have been or are being 
developed, 

Integrated circuits are also being 
developed by Lear Solid State Phys- 
ics. Being designed are flip-flops. 
read-in and read-out amplifiers and 
other logic components. 


Companies Developing New 

Modules 

|. Fairchild Semiconductor Corp., 545 
Whisman Rd., Mountain View, 
Calif. 
MicroSemiconductor Corp., 11250 
Playa Court, Culver City, Calif. 
Electronic Components Division, 
Burroughs Corp., Plainfield, N. J. 
. Lansdale Division, Phileo Corp., 
Lansdale, Pa. 

. P. R. Mallory and Co., Inc., In- 
dianapolis 6, Ind. 

. Semiconductor Division, General 
Instrument Corp., 65 Gouverneur 
St., Newark 4, N. J. 

. Texas Instruments Inc., P. O. Box 


312, Dallas 21, Texas. 


8. Lear Solid State Physics, 317] 


South Bundy Drive, Santa Monica, 


Fig. B—Integrated module contain- 
ing eight diodes with common 
cathode. (Philco Corp.) 
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Fig. 19 — Basic transistor- 
resistor logic circuit. 


@ EXAMPLE 22: Transistor-diode NOR circuits are also 
supplied by Company N in two types of physical con- 
figurations. They are: etched wiring-board assemblies 
(144 x 4% x 6 in.) and encapsulated modules (1 x 1.58 
x 0.4 in.). The former contains two 6-input NOR gates. 
the latter only one. 

Transistor-Resistor Logic (TRL). Transistor-resistor 
logic is somewhat simpler than diode-transistor logic and 
is less expensive. It consists simply of replacing the 
diodes in the gating circuit with resistors and letting 
the signal levels applied to the resistors determine the 
operating level of the transistor. A simple TRL circuit 
is shown in Fig. 19. With the base biased negatively and 
with “0” (or low-level) inputs on all three resistors, the 
transistor is cut off and the output is high. If any one 
or all three of the inputs rises to a “Ll” level, transistor 
collector current flows and the level of the output is 
lowered. The circuit is therefore a NOR, since there is 
an output when there is an input neither at A nor 
B nor C. If the input levels are reversed so that a logic 
“1” is lower than a logic “0”, the circuit is a NAND. 

e@ Example 23: On a 5 x 6 in. printed-circuit card, 
Company O provides three 3-input NOR circuits. The 
logic levels are —0.2 for “0” and —6.8 for “1”. The 
power supplies are +12 volts. A second stage of ampli- 
fication is provided and output may be taken either before 
or after the second stage. These units will operate over 
a frequency range from d-c to 300 kc. 

e@ ExAMpLe 24: In a line intended particularly for 
industrial numerical control systems, Company P pro- 
vides modules containing either 6 or 20 TRL Nor ele- 
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Fig. 20—Module containing 20 
TRL Nor circuits. (Square D) 


Fig. 21—-Internal wiring of a module containing three inverter 
circuits with resistor logic. (Dynamic Controls Co.) 


ments (Fig. 20). The cases are molded of bakelite and 
the logic elements are encapsulated in an epoxy resin. 
Input and output connections are accomplished by means 
of taper-pin terminal blocks that are molded in the top 
of the case. A special tool is used for insertion of the 
taper pin. Power supplies for these NoR’s are +20 volts. 
Ambient temperature limits are from —40 to 60 C. 
Standard diode or gates are also available in this series. 

@ EXAMPLE 25: A module made by Company Q con- 
tains three independent inverter circuits with resistor 
logic. One of the circuits is provided with an option for 
using resistance-capacitance coupling, which will be de- 
scribed in the next section. Provision is also made for 
increasing the driving capability of the inverters by con- 
necting an auxiliary load resistor in parallel with the 
normal load resistor and paralleling two input resistors. 
The components in this module are wired between two 
miniature connectors (Fig. 21) and protected by an 
aluminum cover. The modules are approximately 11 
x 2 x 4 in. Power supplies are 4 volts. Units are avail- 
able for operation at speeds up to 1 mc or 5 mc. 

Resistor-Capacitor Transistor Logic (RCTL). This 
type of logic is essentially the same as TRL, except that 
capacitors are added in parallel with the input resistors 
to improve the switching time. 

@ EXAMPLE 26: Two 3-input Nor gates are contained 
in the module whose circuit is shown in Fig. 22. This 
unit, made by Company R, is encapsulated, without a 
case, in an unfilled epoxy compound which is semi- 
transparent for inspection of the internal assembly. The 
dimensions of the modules are 1.25 x 0.90 x 0.675 in. 
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It is designed for switching speeds up to 1 mc and will 
operate in an ambient temperature range from —40 to 
125 C. A somewhat unusual feature of this unit is that 
it operates on logic levels of zero volts for “O” and 6 
volts for “1”. 

Direct-Coupled Transistor Logic (DCTL). Logic 
units can be formed by using transistors both for the 
gating and the amplifying elements. The technique is not 
used often, however, because it is usually uneconomical, 
using one transistor for each input to an AND or OR 
gate. Direct-coupled circuits may be made up from the 
modules previously described under Jnverters and Emit- 
ter Followers. For instance, two inverters connected in 
series form a two-input NAND. 

@ EXAMPLE 27: The unit whose circuit is shown in 
Fig. 23 uses three transistors connected as emitter fol- 
lowers to form an AND gate. This arrangement provides 
current gain and circuit isolation as well as increasing 
the load-driving capacity of an input signal. No inter- 
stage coupling between gates is required. Input levels 
for this unit, which is made by Company C, are —3 and 

11 volts. The frequency range is from d-c to 250 kc. 
These units are available in the package described in 
EXAMPLE 3. Direct-coupled or gates of a similar design 
are also obtainable. Oo0O 


Partial List of Suppliers of Logic Modules 


4. Components Division, Epsco. Inc., 275 Massachusetts Ave., 
Cambridge 39, Mass. 
B. Delco Radio Division, General Motors Corp., Kokomo, 
Indiana 
. Engineered Electronics Co., 1441 East Chestnut Ave.., 
Santa Ana, Calif. 
. Cambridge Thermionic Corp., 445 Concord Ave., Cam- 
bridge 38, Mass. 
. Industrial Components Division, Raytheon Co., 55 Chapel 
Street, Newton 58, Mass. 
. Research Division, Varo Incorporated, 2201 Walnut St.. 
Garland, Texas 
,. Walkirt Co., 141 West Hazel Street, Inglewood 3, Calif. 
. Amperex Electronic Corp.. 230 Duffy Ave., Hicksville, 
Li t. 


-12 volts 


ommon +12 volts 


ground 


Fig. 23-—-Three transistors connected as emitter followers to 
form an AND gate in direct-coupled logic. (Engineered Elec- 
tronics Co.) 


<< 
Fig. 22. Two 3-input NOR gates using resistance-capacitance 


logic. (General Electric) 


. Computer Control Co., Inc., 983 Concord St., Framing- 
ham, Mass. 

J. Wang Laboratories, Inc., 12 Huron Drive, Natick, Mass. 

.. Vitro Laboratories Division, Vitro Corp. of America, 200 
Pleasant Valley Way, West Orange, N. J. 

.. Digital Equipment Corp., Maynard, Mass. 

. Rese Engineering, Inc., 731 Arch St., Philadelphia 6, Pa. 
. Special Products Division, Sprague Electric Co., North 
Adams, Mass. 

. Navigation Computer Corp.. 1621 Snyder Ave., Philadel- 
phia 45, Pa. 

. Square D Co., 4041 North Richards St.. Milwaukee 12. 
Wis. 

J. Dynamic Controls Co.. 2225 Massachusetts Ave.. Cam- 
bridge 40, Mass. 

. Heavy Military Electronics Dept., General Electric Co.. 
Court St., Syracuse, N. Y. 
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Determination of thermistor resistance for 
maximum bridge gain consistent with power 
limitations in a temperature control system. 
Treats problem of linearity and regulation 


with wide temperature range. 


DONALD S. SAULSON 
Avionics Control Group 
ArRESEARCH MANUFACTURING COMPANY 
A Division of the Garret Corporation 
Los Angeles, California 


IN THE FIELD OF temperature control, the thermistor 
bridge has become an integral part of many electronic 
control systems. This article aims to promote the under- 
standing of the bridge network as applied to temperature- 
control systems. 

The thermistor bridge, Fig. 1, is a conventional bridge 
network employing a thermistor R,, a variable selector 
resistor R,, and two equal fixed bridge resistors Rg. The 
thermistor resistance is a function of temperature and is 
reasonably linear over a small temperature range. It will 
be observed that when R, is selected to equal Rr, the 
output voltage V,, equals zero and the bridge is balanced. 
A change in thermistor temperature from the control 
temperature results in a change of output voltage. 

Bridge Gain. Of great interest to the designer of 
temperature controls is the maximum gain attainable 
from the thermistor bridge. The criteria for the ensuing 
analysis are based on the selection of the optimum 
thermistor resistance value as a function of bridge load 
R,. For maximum bridge gain, the voltage V across the 
bridge is chosen as high as possible, consistent with the 
maximum allowable thermistor dissipation for a certain 
minimum self-heating error. When maximum power 
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transfer to the thermistor occurs, R, equals Ry and the 
power dissipation is 


> = 1 y ‘| >» 
P = (; v) /R () 


For analysis, the thermistor bridge is converted into 
Thevenin’s equivalent circuit, as shown in Fig. 2, where 
AV is expressed in terms of V as 


1 R, , 
aves G “a R:) (2) 


To determine the bridge gain, a small temperature 
deviation from the control temperature is assumed, where 
R./(R, + R,) is essentially a constant. Hence, AV = KI 


where 
ar; R, 
° (3 “-e. ;) (3) 


Using Thevenin’s equivalent bridge circuit, the current 
] though the load R,, is solved for: 


AV 


Tama Scio 
RRr , 1 
Ro Ry + 2 Re t+ Fe 


However. for a small temperature deviation, 


(4) 


R, + ARr = Rr 





a 


Rens 2 





Fig. 1 — Thermistor bridge. 





Fig. 2 — Thevenin’s equivalent circuit 








Fig. 3 Bridge output linearity: nermalized current - 
1/(I at 104 F) vs temperature in deg F for three different 
values of R.. Control temperature is 77 F. 
R. and J are fixed for any one curve. 


Fig. 4 — Effect of matching R. to 2R, + R, at various selected 
temperatures for R, 100 ohms and R, — 950 ohms. 


Note that R,. R,. 


but 


Therefore, 
R,=Rr 
and 


RRr_ wal p 


R, + Rr 2 
Substituting Eqs (3) and (5) into Eq (4): 


KV 
ta 
R,+5Re+R, (6) 


- 


Solving Eq (1) for V and substituting for V in Eq (6), 


_2KV RV P_ 


Si alte + 8; 


|= (7) 


Since a fixed temperature deviation is assumed, the out- 
put current / is proportional to bridge gain. Then, assum- 
ing R,, Rs, and P to be constant, it is desired to solve 
for the value of R, which will result in maximum bridge 
gain, or maximum gain. At / maximum, d//dR, = 0. 


1 l I to 

—~R,+=Rs+ R:) —— ow R.) _ 
od = (: . ee te 2K V P (8) 
7 ! (58. +5 Re } Ri) 


Setting Eq (8) equal to zero and solving, we obtain 
R, Rp + 2R, (9) 


Resistance R, should be selected so that it is negligible 
when added to 2R,, in which case R, approximately 
equals 2R,. Since R, is equal to the resistance of Rr at 
the control temperature, the thermistor is easily selected. 
For example, if 2R, equals 2000 ohms and the control 
temperature is 77 F, a thermistor whose resistance is 
2000 ohms at 77 F would be selected; and if the control 
temperature is 150 F, a thermistor whose resistance at 
150 F is 2000 ohms would be selected. 

Once the maximum gain at any one control tempera- 
ture has been computed for one set of values of R,, Rp 
and P, the maximum gain for any other combination of 
R,, Rp, and P is easily determined. Let the new values 
be written as primes. Since the gain G is proportional 
to the current 7, we have 


I 2Kv Pv 2Rt +s 


s 2K vV PV 2Ri + R; 
/ 2R,’ + Re’ 


2R, + Re 


2R, + Re / P 


\V on +R V 


/ “p 


Therefore, 


es / 2R,+ Re [Pp ‘ 
aie IV OR + Ra V | (10) 


When the maximum power limit for any one type of 
thermistor is reached, it may be desirable to increase the 
gain of the thermistor bridge by using n thermistors in 
parallel. The parallel resistance of the thermistors must 
equal R,, and R, must equal 2R, + Rz for maximum 
gain. The only parameter of the circuit in Fig. 2 which 


ELECTRO-TECHNOLOGY 





will change is AV, because it is influenced by V. For 
parallel thermistors, nR, == R,”, where Rr” is the re- 
sistance of each individual thermistor. The power dissi- 
pation for such an arrangement is 


l 2 
(2") 
Dae 


nk, ~ Rr” (a 


where 44/, is the maximum allowable voltage across the 
n thermistors in parallel, and P is the maximum allowable 
power for each thermistor. Solving for V,, we get: 


Va =2/nJ/RVP 
but 
Vi = 2. R./P 


Therefore. 
Since 


we have 
Ga Yn Gy 


where G,, is the circuit gain with n parallel thermistors, 
and G, is the gain with one thermistor. 

This important result illustrates that the bridge gain 
increases as a square root multiple of the number of 
parallel thermistors employed. Thus, for example, if 
2R, + Ry = 2000 ohms, two 4000-ohm thermistors in 
parallel would increase the bridge gain over that of one 
2000-ohm thermistor by a factor of 1.41. However, to 
accomplish this, the bridge voltage must be increased by 
a factor of 1.41. 

Bridge Output Linearity. Figure 3 demonstrates 
the effects of the ratio of 2B, + Rg, over R, on bridge 
output linearity. It should be observed that the output 
linearity increases as the ratio increases, and does not 
occur at that ratio required for maximum gain. There- 
fore, in cases where linearity is important, as in tem- 
perature indicators, it may be desirable to sacrifice gain 
for increased linearity. 

Wide Selection Range. Where R, is a variable re- 
sistor and the control temperature is variable, the regu- 
lation of gain will become much more important for a 
control system than maximum gain. Figure 4 demon- 
strates the effects of matching R, to 2R; + Rz at various 
selected temperatures. In each case, the bridge voltage 
is selected for maximum allowable power dissipation. It 
is seen that matching R, to 2R; + Rp, at the lowest 
selected temperature results in the best regulation. 

In the case where the supply voltage is greater than 
the maximum allowable bridge voltage, the thermistor 
bridge takes the form shown in Fig. 5. Here, R;, is used 
to drop the voltage V,, and R, is used to regulate V3. 
Even without regulation of Vg where R, = ©, the fore- 
going analysis of bridge gain is applicable for the case 
of a single selected control temperature. 

In comparing Fig. 6 with Fig. 4, it may be observed 
that when a wide selection range is considered, R, tends 
to help regulation in cases where R, is matched to 2R, 
+ Rp, at the high and nominal temperature, while it 
hinders regulation where R, is matched to 2R,; + Rg at 
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Fig. 5 — Thermistor bridge design for a supply voltage greater 
than the maximum allowable bridge voltage. 


% deviation 
i | 


12 
'cVU 


selected temperature , deg F 


Fig. 6 — Effect of matching R, to 2R, + R, at various selected 
temperatures where supply voltage exceeds maximum bridge 
voltage. (V, = 12 volts, R,, = 100 ohms, R, = 950 ohms, and 
P = 2 milliwatts.) 


low temperatures. At 20 F, an R, of 100 ohms or approxi- 
mately one-half the bridge impedance is used. This ap- 
proximately doubles the bridge power, and regulation 
approaches the curve shown in Fig. 4. 


Conclusions 


1. Maximum gain can be obtained from a thermistor 
bridge (Fig. 1) for any value of R, and Rg by matching 
R, to equal 2R,, + R», and using the maximum allowable 
bridge voltage. (R, == Ry, at the control temperature.) 

2. By paralleling n thermistors, the bridge gain can 


be increased by a factor of \V/n. 

3. Bridge output linearity may be improved by in- 
creasing the ratio of 2R, + Rg over R,. This is important 
when the bridge is to be used in conjunction with tem- 
perature indication. 

4. When a wide selection range is considered, maxi- 
mum gain regulation is attained by matching R, to 2R, 
+ Rg at the lowest selected temperature. oo00 
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Copper-Base Alloy 


Spring Materials 


A study of the properties and limitations of 
copper-base alloys in spring design. Selec- 
tion of materials is systematized and ex- 


tended to the newer alloys. 


A. E. MOREDOCK 

Materials Laboratories 
WestincHouse Etectric CORPORATION 
Pittsburgh, Pennsylvania 


ALTHOUGH the use of copper-base alloys for making 
springs is less common than that of steel, copper alloys 
are extensively used, particularly for special purposes. 
These include numerous applications where the part may 
not at first glance be considered as a spring but where, 
nevertheless, the component is required to have good 
spring characteristics. 

Probably the most important type of spring for which 
copper-base alloys are used in electrical equipments is 
the cantilever or beam type, made from flat strip (or 
round or rectangular wire), fixed at one end, and to 
which a deflecting force is applied at the other end. 
There are many designs for these springs. Generally, the 
function of the spring is to maintain contact between 
two parts which carry current. The copper alloy may also 
be used as the contact material as well as the spring. 
Contact materials such as silver, silver-tungsten and 
silver/cadmium oxide may be attached at the contact 
areas by soldering, brazing, or resistance welding. It is 
mainly in the cantilever-type spring, however, where 
properties other than corrosion resistance and sufficient 
mechanical strength are strong design factors. 

Other types of springs made from copper-base alloys 
include plain, conical and barrel-shaped helical-wound 


springs. Here, in general, copper alloys are selected 
mainly on the basis of corrosion resistance. In addition, 
there are other special springs using copper-base alloys, 
such as bellows and diaphragm springs and Bourdon-tube 
springs. 


Materials 


The copper-base alloys most frequently used for spring 
applications are the phosphor bronzes (alloys of copper 
and tin, deoxidized with phosphorus) ; beryllium copper 
of the high-beryllium, low-cobalt-content type; the nickel 
silvers (alloys of copper, nickel and zinc); and yellow 
brass (a copper-zinc alloy). Used to a lesser extent are 
cadmium copper (an alloy of copper and cadmium) ; 
chromium copper (an alloy of copper and chromium 
with or without additions of silver, silicon, or cadmium) ; 
beryllium copper of the high-cobalt, low-beryllium-con- 
tent variety; a family of high-copper, tin-containing 
brasses (copper alloyed with zinc and tin); high silicon 
bronze (copper alloyed with silicon and a small amount 
of manganese or zinc); and the cupro nickels (alloys of 
copper and nickel). 

In addition, three relatively new alloys, recently in- 
troduced and now commercially available, have attractive 
spring properties. They have already been used for spring 
applications and will undoubtedly see extensive future 
use. These are: zirconium-copper (an alloy of copper 
and zirconium); a copper-nickel-silicon alloy, and a 
copper-nickel-phosphorus alloy. 

Nominal compositions and pertinent physical and me- 
chanical properties of the copper-base alloys used in 
spring design are shown in Table I (pages 78-79). 


Cost Analysis 


Cost of raw material is generally an important factor 
in spring design. However, the cost of most copper alloys 
is not high and, in any case, the cost of the alloys con- 
sidered in this article is over a sufficiently wide range 
to permit economical selection of a copper-alloy material 
for any application where its special properties may be 
employed. There are also numerous applications where 
the cost of the spring material is of no practical impor- 
tance, as in applications where a spring forms a small 
but vital part of an expensive or critical mechanism. 
Here, the consequences of failure far outweigh the cost 
of the spring and spring material because of special ad- 
vantages offered by the material. The latter situation 
exists in far more instances than is normally realized. 
Relative cost differences with respect to base prices are 
shown in Table I. This cost information should be used 
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as a guide only, since cost varies also with size, form and 
quantity purchased. 


Properties 


Table I designates the various alloys or groups of alloys 
considered as spring materials not only by composition, 
but also by the means with which they are hardened or 
strengthened. Thus, Table I also classifies the alloys 
under discussion into those which may be strengthened 
by cold working only and those which may be strength- 
ened by heat treatment—properly called precipitation- 
hardening (and sometimes called age-hardening) . 

Copper alloys in which an increase in mechanical prop- 
erties may be obtained by cold working only (Groups 1 
to 7 inclusive, Table 1) are. or may be, supplied in a 
variety of tempers (conditions) ranging from soft to 
extra spring temper. Such tempers, excluding soft (which 
is obtained by annealing), are made by cold rolling 
(sheet and strip) or by cold drawing (wire). The various 
tempers correspond to precise amounts of cold work (see 
Table II). The temper used is, in general, the hardest 
temper which will withstand the necessary secondary 
fabricating operations (bending, stamping, drawing, 
press-working, drifting, embossing) involved in proces- 
sing a given part. Spring making, particularly in the case 
of flat springs made from strip, frequently involves 
severe forming operations. Thus the cold-working alloys, 
while suitable for many applications, have the disad- 
vantage of not achieving maximum mechanical properties 
in a finished spring. 

A further disadvantage is evident in the cold-working 
alloys when used at moderately elevated temperatures in 
service, or when subjected to relatively high brazing tem- 
peratures during fabrication or assembly. They soften 
with time and temperature, depending not only on the 
alloy involved, but also on the amount of cold work which 
has been applied. The softening temperature decreases 
with increasing amounts of cold work. Thus, with the 
cold-working alloys, because of fabrication conditions, it 
is not too often possible to use the maximum mechanical 
properties obtainable in the alloy, with respect to hard- 
ness, tensile and endurance strengths. 

The precipitation-hardening alloys (Groups 8 to 12 
inclusive, Table I) are quite different. Certain copper- 
alloy systems, of which the alloys in Groups 8 to 12 are 
representative, are of such composition as to permit 
hardening and strengthening by heat treatment, or a com- 
bination of cold work and heat treatment. This is a major 
advantage, since these materials may be bent or formed 
into complex shapes in the soft or partially hardened 
(by cold work) state, with the properties subsequently 
increased to maximum by heat treatment. 


Fabrication 

The production of precipitation-hardening alloys in- 
volves two steps as far as heat treatment is concerned. 
The first, solution heat treatment or “solution anneal,” 
consists of a short-time (about 30 min) heat treatment 
at a relatively high temperature (730 C to 950 C, de- 
pending on the alloy) followed by a rapid water quench. 
Alloying elements are retained in solid solution and the 
material is in the soft state. Cold rolling or cold drawing 
is then performed in an amount corresponding generally 
to half-hard or hard temper. The amount of cold work 
applied between solution heat treatment and precipitation 


SEPTEMBER 1961 


hardening is important. The hardest temper is used which 
is compatible with the bending or forming necessary. In 
addition, the properties obtained after precipitation hard- 
ening vary considerably with the amount of cold de- 
formation, increasing with increasing amounts of cold 
work. The solution heat treatment and cold-working 
operations are performed by the mill supplier of strip or 
wire. 

The strip or wire is then formed into the finished spring 
shape by the spring maker, and the spring is precipitation- 
hardened at a relatively low temperature (350 C to 450 
C, depending on the alloy) for a definite time (usually 
11% to 3 hr) and air cooled. This aging treatment precipi- 
tates the hardening constituents (determined by the 
composition) from solution (cobalt beryllide in the 
case of beryllium copper). and places the material in the 
maximum condition obtainable with respect to hardness, 
tensile strength, yield strength and endurance strength. 
Electrical and thermal conductivities are appreciably in- 
creased by the aging heat-treatment. Thus, springs in 
finished shape are obtained with optimum mechanical 
and physical properties. 

Fixture hardening is sometimes necessary on thin or 
complicated sections in order to avoid distortion. By 
carefully controlling hardening temperature and time, 
it is possible to obtain desired variations and combina- 
tions of hardness and strength with desired thermal and 
electrical conductivity within the range available in a 
given alloy. 

Due in part to alloying elements and also to the some- 
what more involved primary fabricating operations, some 
of the precipitation-hardening alloys are more expensive 
than alloys of the cold-working type: others are in the 
same cost bracket as the cold-working alloys. 

The precipitation-hardening alloys have other advan- 
tages in addition to their ability to give optimum me- 
chanical properties in the form desired. They may be 
subjected to much higher elevated temperatures in service 
for relatively longer times without appreciable loss in 
strength, as compared to the work-hardening alloys. 
Similarly, they may be subjected to the relatively high 
temperatures and relatively short times encountered in 
brazing without serious loss of strength or hardness. 
Brazing must, however, be carried out under properly 
controlled conditions. The precipitation-hardening alloys 

(Continued on page 80) 


Table Il — Percentage of Cold Reductions 
Corresponding to Standard Strip and Wire 
Tempers 


Drawn temPers (wire) 


Rolled tempers (strip) 


Reduction by 
Nominal drawing, 
temper* per cent 
Eighth hard 6 Eighth hard 11 
Quarter hard 11 Quarter hard 21 

Half hard *™ 21 Half hard 37 
Three-quarter hard 29 Hard 60 
Hard 37 Extra hard 75 
Extra hard 50 Spring 84 
Spring 60 Extra spring 90 


Extra spring 69 


Reduction by 
" rolling, 


Nominal temper “per cent 


* Flat wire, frequently used for springs, may be designated by the nominal 
tempers shown, but may be produced with slightly different reductions, depending 
on the width-to-thickness ratio. 
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Be ney quaiguetion 
| WORK-HARDENING 
| ALLOYS 

j 


Copper (electrolytic tough 
pitch) (for comparison 


70-30 Brass 


5% Phosphor bronze 
| 8°; Phosphor bronze 
18°. Nickel silver 
12%, Nickel silver 
Nickel silver 
3° Silicon bronze 
High copper tin brasses (6) 


Cadmium copper 


20°, Cupro-nickel 


10°, Cupro-nickel 


PRECIPITATION-HARDEN- 
ING ALLOYS 


Zirconium copper 


Copper-nickel-silicon alloy 


| 
m 
| 
| 
| 


Beryllium copper #10 
Beryllium copper #25 
Chromium copper 


| Copper-nickel-phosphorus alloy 


Nominal composition, 
per cent 


99.92 Copper 
0.04 Oxygen 


70 Copper 
30 Zinc 


94.75 Copper 
5.00 Tin 
0.25 Phosphorus 


91.75 Copper 
8.00 Tin 
0.25 Phosphorus 


55 Copper 
18 Nickel 


27 Zinc 


60 Copper 
12 Nickel 
28 Zinc 


66 Copper 
10 Nickel 
24 Zinc 


96 Copper 
3 Silicon 
1 Manganese or Zinc 


85 Copper, 0.8 Tin, 14.2 Zinc 
89 Copper, 2.0 Tin, 9 Zinc 
88 Copper, 1.0 Tin, 11 Zinc 


99 Copper 
1 Cadmium 


69.5 Copper 
30.0 Nickel 
0.5 Iron 


80 Copper 
20 Nickel 


88.7 Copper 
10.0 Nickel 
1.3 Iron 


99.85 Copper 


.15 Zirconium 


.4 Copper 
0 Nickel 
6 Silicon 


.0 Copper 
5 Cobalt 
5 Beryllium 


7 Copper 
3 Cobalt 
0 Beryllium 


3 Copper 
6 Chromium 
1 Silver, Silicon or Cadmium 


98 65 Copper 


-10 Nickel 
25 Phosphorus 


Electrical Thermal 
con- ¢on- 

ductivity, 

per cent (68 F), ohms 

IACS @ | Btu/sq ft/ (mil, ft), 

20C (1) | ft hr /deg F | 


ductivity | Resistivity, | 


33.5-45.2 | 

















Tensile strength, 
psit 


Wire 


,000 
000 


107,000 | ,000 
112,000 
115,000 | 000 
113,000 
114,000 
110,000 

92,000 


60 ,000 


90 ,000 


80,000 


86 ,000 


125 ,000 


210,000 
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strength, and 


composition and treatment. 
elongation are for spring temper; properties for other tempers are gener - 
”’ and other literature. 
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Temp. 
Average coeff. 

| coeff. elec- | 
| 


Endurance | thermal trical Materia! 
Yield strength, Elong., | strength (4) | expan- resis- | ASTM cost ratio 
psi (2) per cent . i ————— |, —— sion, deg | _ tivity, specification (S) 
ae ——-—- - 2 in. P ici Cycles | F x 107% deg C ————, —— +} - -- —, -— 
Strip Wire (3) : i i i xX 108 |(77-572 F)|(20-200C)| Strip Wire Strip Wire 


| 


52,000 60 ,000 § s 14,000 


82,000 68 ,000* 3 ¢ 24 ,000 





104 ,000 78 ,000* 26 ,000 





90,000* | 70, : | 26,000 | 00064 








5 ,000* : ee 24 ,000 


110,000 30,000 00045 | 


107 ,000 ; 7 : 26,000 


90 ,000* 








70 ,000* 



































110,000 5 33 ,000 





170,000 160 ,000 ; 40 (R “C”’) 19 55,000 





86,000 


# 


ae * 
Yield strength at 0.2 percent feet except where noted (¥), in which cae the the valet 05 pe ene 
load. ; 


tension under 

and hardness figures are for strip. 
Endurance limit values are for rolled tempers usually used for springs (hard, extra hard, spring 
Se ee ee ere nee Co ee 
guide only, since form. quantity purchased affect appreciably. : 
Three typical high copper tin brasses are showm,There are ane regal ier cement ne 
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vary somewhat with respect to loss of strength under 
the moderately elevated temperatures which may be en- 
countered in service or the high temperatures encountered 
in brazing, thus permitting a choice of materials for a 
given set of conditions, along with other properties re- 
quired. 


Corrosion Resistance 


Copper-base alloys have excellent corrosion resistance, 
especially when compared with ordinary steels. Corrosion 
resistance, however, is a relative term and depends on 
service conditions and design requirements. Copper-base 
alloy spring materials cover a wide range of compositions 
and vary considerably in resistance to general corrosion, 
and. of equal or perhaps greater importance to spring 
users, vary also in resistance to stress-corrosion cracking 
(sometimes called season cracking). 

The suitability of commercial copper itself for satis- 
factory exposure to a wide range of liquid and atmos- 
pheric corrosive media is well known. All of the spring 
materials under consideration here, with the exception of 
70-30 yellow brass, have the general corrosion resistance 
of copper and some (the cupro nickels and nickel silvers) 
are superior to copper. 

The most common corrosive medium to which springs 
are exposed is the atmosphere. While not ordinarily 
considered as being as severe as many types of liquid 
media, atmospheric conditions may be quite severe (as 
in the case of sea or seacoast environment and indus- 
trial atmospheres). especially for critical applications. 
Under these conditions. the cupro nickels are probably 
the best choice. although they have not heretofore been 
extensively used for springs. 

Dezincification is a type of corrosion to which yellow 
brasses are susceptible, during which the copper-zinc 
alloy is dissolved and the copper simultaneously rede- 
posited as a porous mass, thus destroying strength and 
ductility. Brasses containing less than about 15 per cent 
zine are not susceptible to dezincification: 70-30 yellow 
brass is the only spring alloy under consideration in this 
article which is susceptible to such failure. When ex- 
posed to acid waters, corrosive domestic water supplies 


(particularly hot waters). sea air or sea water, or 


istics and formability, font Ba ynd- 
point of both mill processing and secon- 
dary fabricating processes. 

e Availability in a wide range of forms, 


corrosive industrial atmospheres with high humidity, 
the yellow brasses dezincify rapidly. For this reason, 
plus its high susceptibility to stress-corrosion cracking. 
yellow brass should be used with caution. Plating with 
tin, silver or nickel will delay or eliminate dezincification, 
but has little or no effect in eliminating stress-corrosion 
susceptibility. 


Stress-Corrosion Cracking 


Stress-corrosion cracking is a type of failure which 
is an ever-present threat in the use of copper alloys, and 
this is especially so in the case of spring applications. 
Stress-corrosion cracking has been observed in most 
metal systems. For each metal, specific environments are 
associated with this phenomenon, and the media which 
induce cracking very frequently attack the metal only 
superficially in the absence of stress. The factors affecting 
stress-corrosion cracking, as applied to all metal systems, 
are: stress (residual or applied, or both), environment, 
time, and the composition and previous thermal and 
mechanical treatment of the alloy. 

In copper-base alloys, ammonia and compounds of 
ammonia are the major environmental sources causing 
stress-corrosion cracking. Industrial atmospheres contain 
ammonia in varying amounts. The amount of ammonia 
necessary to cause stress-corrosion cracking under atmos- 
pheric conditions may be (and often is) extremely small 
—as low as 1 to 10 ppm when other conditions are favor- 
able, such as stresses approaching the yield strength of 
the material. Ammonia compounds such as amines and 
amino acids are also potent corroding factors. Sea air 
and sea water are also environmental factors causing 
stress corrosion. In such instances, ammonia also is be- 
lieved to be the corroding agent, the ammonia presum- 
ably coming from decaying organic matter. Humidity, 
temperature and presence of carbon dioxide are also 
related factors, but little understood as to their precise 
effect. Mercury and mercury compounds are even more 
potent factors than ammonia, but these are, fortunately, 
seldom encountered in service. 

Stress, as mentioned previously, is an essential factor 
in corrosion, and further, it is necessary that the stress 
be tensile in character and at the surface, a condition 
quite common in springs. The stress may be residual, 
resulting from the cold-working operations by which the 
metal was finished, and also from fabricating processes 
such as bending and pressworking. Applied stresses are. 
of course, present and may be extremely high. The magni- 
tude of combined stress present is important. Stress dis- 
tribution or stress pattern in a given part is also impor- 
tant. Notch effects and stress concentrations due to 
geometry also affect a given application adversely, if the 
environmental conditions with respect to corrosion are 
favorable to stress-corrosion cracking. Copper-base alloys 
vary widely in composition and. as might be expected. 
also vary widely in susceptibility to stress-corrosion 
cracking. 

All copper alloys, including copper itself, may fail 
by stress-corrosion cracking if the contributing factors 
are severe enough. From a practical standpoint, however, 
copper and most wrought copper alloys, with the excep- 
tion of high-zinc brasses and bronzes (zinc content more 
than about 15 per cent), are relatively immune to stress- 
corrosion cracking when properly used. The alloys con- 
sidered for spring applications may be arbitrarily rated 
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with respect to susceptibility to stress-corrosion cracking 
as follows. 

Alloys which have high resistance to stress-corrosion 
cracking include all of the precipitation-hardening alloys, 
the phosphor bronzes, the high-copper tin brasses, cad- 
mium-copper, and the cupro nickels. The nickel silvers 
are rated as having fair or moderate resistance, and the 
3 per cent silicon bronze and yellow brass as having poor. 
This comparison is primarily intended for applications 
and service conditions where stress corrosion is known 
to be troublesome. 

In hazardous locations, design considerations with re- 
spect to allowable stress and stress distribution may 
often make the difference between satisfactory and un- 
satisfactory performance. In view of the current trend 
toward more stringent operating conditions, higher oper- 
ating stresses and miniaturization of components, the 
matter of correct design using the best materials at hand 
is increasingly important. Unfortunately, it is not always 
possible to predict or control environmental conditions. 

At the present time, no accelerated test for assemblies 
under load has been developed from which the time-to- 
failure by stress-corrosion cracking in service can be 
predicted. This is primarily because of the difficulty of 
ascertaining the precise environmental conditions which 
cause failure, and the difficulty of duplicating such con- 
ditions when known. 

A recently developed accelerated test for copper alloys 
(in which time-to-failure by stress corrosion cracking is 
determined under various conditions of temper and ap- 
plied stress in an atmosphere containing air, ammonia, 
and water vapor under carefully controlled conditions) 
promises to be useful in understanding the relationship 
of the many factors which influence stress corrosion, even 
though the results cannot at present be extrapolated to 
predict long-time service life. 


Electrical and Thermal Conductivity 


The alloys listed in Table I cover a broad range of 
electrical conductivity, ranging from about 4.5 per cent 
to 95 per cent IACS (International Annealed Copper 
Standard, with commercial electrolytic tough-pitch copper 
equalling 100 per cent), corresponding, respectively, to 
225 and 11 ohms (mil, foot) specific resistance. Thus, 
suitable selection of these properties along with required 
mechanical properties is permitted. Thermal conductivity 
parallels the electrical conductivity closely, the range 
being about 15 to 210 Btu/sq ft/ft/hr/deg F. 


Fatigue Strength 

Materials subjected to cyclic stresses fail by fracture 
at much lower values of maximum stress than if sub- 
jected to loads which do not vary. The endurance strength 
or fatigue strength is therefore an important considera- 
tion in the design of many springs. Endurance strength 
generally increases with hardness, and the values shown 
in Table I may be generally used for the hard, extra-hard, 
and spring tempers in which the work-hardening alloys 
are usually used, and for the fully-aged condition in which 
the precipitation-hardening alloys are used. Somewhat 
lower values will apply for lower tempers in the work- 
hardening alloys. 


Temperature Limitations 


The precipitation-hardening alloys generally retain 


SEPTEMBER 1961 


Table Ill — Time and Temperature Limitations of 
Copper-Base Alloy Spring Materials 


Short- Long- Normal hardening 
time time — 


| service, | service, Temp, Time, 


| degC deg C 


Alloy 





70-30 Brass | 250 | 100 
Phosphor bronzes ) 

Nicke! silvers c 
3% silicon bronze { = 128 
High-copper brasses ’ | 

Cadmium copper | 200 125 
Cupro nickels 300 150 


Zirconium copper | 350 200 
Copper-nickel-silicon! 400 | 200 
#10 Beryllium copper 400 200 
#25 Beryllium copper; 300 150 
Chromium copper | 400 200 
Copper-nickel-phos- 

phorus 400 200 


| 


their mechanical properties after being subjected to higher 
temperatures than can be used satisfactorily with work- 
hardening alloys. Establishing a maximum temperature 
for a spring in service is difficult, since softening or loss 
of mechanical strength depends largely on time, tempera- 
ture (and in the case of work-hardening alloys, the degree 
of cold work), and the relaxation which can be tolerated. 

Suggested short-time and long-time limiting tempera- 
tures are shown in Table III. For reference purposes, the 
normal precipitation-hardening temperatures and times 
are shown. By “short” time is meant an accumulation of 
about one hour. For longer times, the temperatures 
should be reduced quite considerably; it should be clearly 
understood that the limiting temperatures shown are 
approximate. Also, these alloys may be heated to brazing 
temperatures up to 650 C for times up to about 10 min 
without objectionable strength loss. 

The brazing alloy used must be one of the lower- 
melting silver brazing alloys, time and temperature must 
be carefully controlled, and localized cooling methods 
are often necessary. Another possible method of joining 
by brazing, and retaining strength, is to precipitation- 
harden and braze simultaneously, or braze partially-aged 
components. These procedures require considerable pre- 
liminary experimental work for a given application. 

From a mechanical-performance viewpoint, at room 
temperature, #25 beryllium copper is perhaps the best 
alloy of those listed, although the cost is greater than 
any of the other alloys. However, #10 beryllium copper 
and copper-nickel-silicon alloy are less expensive, have 
relatively high mechanical properties and greater con- 
ductivity, and may be used at elevated temperatures to 
a greater degree. The copper-nickel-silicon alloy is rela- 
tively inexpensive, and shows promise of increased use 
in the future. For applications requiring high conductivity 
(over 80 per cent IACS), zirconium-copper and chrom- 
jum-copper are extremely useful. OOO 
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High-Frequency Transistors 


Because of their delicate construction, high- 
frequency transistors require specially de- 
signed circuits to protect them from switch- 
ing transients. Three common types of 
biasing circuits are analyzed and the steps 
which must be taken to protect the transis- 


tors are prescribed. 
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IN TRANSISTORS such as the diffused-base microalloy or 
mesa types, good performance at high frequencies is 
attained, in part, by the use of very-fine wire leads and 
of a very small junction where the leads are joined to 
the transistor. For this reason, such devices are extremely 
sensitive to voltages or currents in excess of their 
maximum ratings. They can be damaged even if sub- 
jected to transient over-voltages as short as 1 microsec. 
Consequently, they should never be inserted into a live 


circuit, since excessively high voltages generally exist 
across the terminals of an open socket. 

The principal problem to be discussed in this article 
is the proper design of transistor circuits to ensure that 
no undesirable transients occur when power is applied 
or removed. The problem, which is generally not en- 
countered when using high-power, low-frequency trans- 
istors, arises only when little or no bypassing is used in 
the power supply. In such cases, when the power is 
turned on or off, step functions are impressed on the 
supply bus, causing large transient voltages or currents. 
A positive method of preventing trouble is to by-pass 
the power supply with a large capacitor or employ an RC 
decoupling network so that the rate of change of power- 
supply voltage is slow enough to allow base and emitter 
voltages to follow it. In this way, transient problems are 
avoided completely. 

However, there are times when this type of circuit 
cannot be used (when equipment is very compact or 
when economy is vital, for example). Small capacitors 
across the supply bus will usually provide adequate r-f 
bypass, but will permit fast transients to be developed 
when the power is switched. It then becomes important 
to study the circuit behavior under these conditions. We 
will study three typical biasing systems from this view- 
point. 

Although the following discussion pertains to p-n-p 
transistors, it is also applicable to n-p-n types if the 
usual polarity correction is made. Furthermore, although 
high-frequency circuits are discussed, any circuit having 


Fig. 1—Most common type of biasing circuit for high-frequency transistors (Type 1). (a) Video amplifier; (b) pi-coupled am- 


plifier; (c) equivalent circuit. 
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a similar bias arrangement will behave in the same way. 

@ Type I. The most common type of single-supply 
biasing system is used in audio-video amplifiers [Fig. 
l(a)] or high-frequency r-f amplifiers employing pi 


coupling [Fig. 1(b) ]. The equivalent circuit is shown in 
Fig. l(c). This type of circuit has a positive ground and 
RC coupling of the base to the negative supply. Un- 
fortunately, the circuit develops the worst possible tran- 


sients when the power supply is switched on or off and 
it is difficult to make it safe. 

Normally, the coupling capacitor, C,, is much smaller 
than the emitter capacitor, Cy. When power is first ap- 
plied, the emitter is at ground potential. Therefore, the 
full supply voltage appears from collector to emitter, 
assuming that Ry is quite small in comparison to the 
transistor collector resistance. The base current is limited 
only by the base resistance, Rz, and the supply voltage. 
This current could be high enough (with pi coupling, for 
example) to burn out the base-emitter junction. If this 
does not occur, dissipation and collector current may be 
limited only by the external collector resistance. Exces- 
sive dissipation or current could cause collector-junction 
burnout. 

Problems are also encountered when power is removed. 
When the supply is turned off, the base goes immediately 
to ground potential. Since the emitter voltage has not 
had time to change, a large reverse bias could be placed 
across the base-emitter junction. This would be fatal 
to a device such as the 2N700, in which peak reverse 
voltage is low. The waveforms shown in Fig. 2 illustrate 
this behavior. 

The Type I circuit can be made safe only by employ- 
ing a time constant in the supply which is longer than 
the effective time constant of the emitter circuit. 

e@ Type II. A mutual-coupled amplifier is shown in 
Fig. 3(a) and the equivalent bias circuit in Fig. 3(b). 
It has a negative supply voltage with both base and 
emitter capacitors returned to the positive ground. 

We will assume again that Cz is larger than Cz, since 
the a-c impedance is much lower in the emitter circuit 
than in the base circuit. When power is applied, C, 
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Fig. 3—Mutual-coupled amplifier (a) and its equivalent bias 
cireuit (b). (Type IL.) 
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Fig. 2—-Switching transients for biasing circuit shown in Fig. 1. 


charges rapidly to its quiescent value. Capacitor Cy, 
however, must charge through the transistor and, since 
it has a large value, it cannot charge as fast as Cy. The 
result is a base-to-emitter potential that is higher than 
normal, causing a collector-current surge. Note also that 
the collector-emitter voltage is equal to the supply voltage 
the instant the supply is turned on (assuming very high 
transistor collector resistance). 

When power is removed, the supply line voltage drops 
to the same value as that on the base. Capacitor C, 
discharges but, again, Cy, cannot follow it. The result 
is that a large base-to-emitter reverse voltage spike is 
developed (Fig. 4). Note that Cy must discharge through 
Ry, which generally represents a higher impedance than 
the transistor through which the capacitor was charged. 
This may result in a very long discharge time for C,. 

If a pure resistive path exists across the power supply, 
the supply bus would drop to a voltage below that on 
the base. This would forward-bias the collector junction 
and could produce a current spike of considerable ampli- 


Turn -off transient 


Fig. 4—Switehing transient for circuit shown in Fig. 3. 





Fig. 5—Seme common positive-supply amplifiers: (a) video 


(d) equivalent bias circuit. (Type III.) 


tude. This resistive path should be avoided. 

The problems encountered with this circuit can be 
considerably lessened if the base time-constant is made 
larger than that of the emitter. The emitter would then 
be able to follow changes in base voltage and no spikes 
would develop other than the collector-emitter voltage 
spike, which generally presents no problem. 

@ Type Ill. The third type of circuit to be considered 
is similar to Type II, except that a positive supply bus 
is used and both by-pass capacitors are returned to a 
negative ground. This difference can produce a major 
change in transient behavior, however. Three typical cir- 
cuits of this type and the equivalent bias circuit are 
shown in Fig. 5. 

Assuming that C, is larger than C,, the base-emitter 
voltage will exhibit a positive spike when power is applied. 
When the power is removed, the base voltage falls toward 
ground (negative) faster than the emitter voltage, caus- 
ing a collector-current spike before turnoff. These wave- 
forms are shown in Fig. 6. 

If C, is the larger capacitor, the base-emitter voltage 
spikes are removed (if R,z is zero) because Cg can now 
follow the changes in C,. Therefore, as in Type II, 
when C, is larger than Cy, operation will be safe. It 
should be pointed out that this desirable condition no 
longer exists if R, is not zero. In this case, the spikes 
shown in Fig. 6 will still result. Therefore, this solution 


Fig. 6—Switching transients for circuits in Fig. 5. 
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amplifier; (b) coupled amplifier; (c) mutual-coupled amplifier ; 


is not applicable to the video amplifier in Fig. 5(a). A 
pure resistive path from the supply to ground will also 
upset the situation by causing a positive base-emitter 
spike during turnoff. 

Conclusions. It is strongly recommended that the 
power supply have an RC network in it with a time 
constant long enough that the by-pass or coupling 
capacitors may follow the switching transients. This pro- 
cedure becomes mandatory in amplifiers which are RC 
coupled or which are arranged so that the emitter by- 
pass capacitor is connected to one side of the supply 
and the base capacitor to the other. When both the 
emitter and base by-pass capacitors are returned to 
ground or to the same side of the supply, RC decoupling 
in the power supply may be eliminated if the base 
capacitor is larger than that in the emitter circuit. This 
is in contrast to the normal case, where the emitter by- 
pass is several times larger than the base by-pass. 

High-frequency measurements on transistors must be 
carefully made since the measuring circuit may oscillate, 
causing erroneous readings or generating voltages or 
currents high enough to damage the transistor. For 
instance, in making a simultaneous check of collector 
and emitter leakage currents at an elevated temperature, 
a number of transistors were burned out before it was 
realized that oscillations were being built up in the long 
leads from the transistors in the oven to the measuring 
equipment. Results obtained on curve-tracing equipment 
may also show peculiar jagged curves when circuit con- 
ditions are such that these oscillations are developed. 
The solution to these problems is to provide by-pass 
capacitors directly at the transistor socket. A 0.001 pf 
capacitor between the collector and the emitter is usually 
adequate for this purpose. 

The waveforms shown in Figs 2, 4 and 6 were obtained 
by inserting a mercury relay in series with the power- 
supply line. A fast oscilloscope with a differential ampli- 
fier was used to measure the transients. It is suggested 
that all circuits using very-high-frequency transistors be 
checked in this manner. oo0°o 
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Unconventional 
Power Sources - 2 


Part 2 of this two-part article dealing with 
the theory of operation and current state of 
the art of various types of unconventional 
power sources covers: thermionic conver- 
ters, solar cells, and magnetohydrodynam- 
ics; also photoemissive generators, ferro- 
electric converters. and devices utilizing 


the Austin effect. 
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Thermionic Converters 


THERMIONIC CONVERTERS are essentially diodes which are 
designed for producing a high current output instead of 
rectifying or performing some other circuit application. 
Their operation can be explained simply by picturing a 
hot cathode boiling off electrons which are captured by 
a cooler anode and conducted through the load back to 
the cathode, completing the circuit. Figure 19* is a dia- 
gram of this process. 

Figure 20 shows the potentials in an ideal converter. 
At the cathode, heat is applied, raising the electrons in 
the cathode to a potential level greater than the work 
function (¢@c) of the cathode. Thus, the electrons are 
able to escape from the cathode into the space between 
the cathode and anode. Electrons striking the anode enter 
it upon surrendering a potential equal to the anode work 
function (¢,4). The difference in Fermi levels between 
the anode and cathode is the output voltage of the device. 

It is readily seen that the anode work function should 
be kept as low as possible in order to realize reasonable 
output voltages. Also, the anode should be kept at a rela- 
tively low temperature in order to keep back-emission to 
a minimum. Since the cathode is heated and the anode 
in cooled, the converter is a heat engine and, as such, 
is subject to the Carnot-cycle limitation. It is important, 


* Figures are numbered in sequence from Part 1—see p 54, August Execrro 
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then, to have as large a temperature difference as possible 
across the device. In particular, it is important to have 
the cathode temperature as high as possible. Thus, refrac- 
tory metals such as tungsten and molybdenum are used as 
cathodic materials and have been operated at 2600 C. 
From the diagram it can also be seen that it is important 
to have the cathode work function greater than the anode 
work function and that the plasma drop should be kept to 
a minimum. 

In actual converters, the electrons in the cathode-anode 
gap build up a space charge, which complicates the 
operation of the converter. Figure 21 shows the potentials 


Heat in Heot out 


Fig. 19—-Basic diagram of the thermionic process. 
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Fig. 20—Work functions and potentials in an ideal thermionic 
converter. 


Fig. 21—Potentials in a thermionic converter with space charge. 
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in a thermionic converter where a space charge has built 
up. It is seen that the electrons, in passing from the 
cathode to the anode, must overcome not only the cathode 
work function but also the space-charge induced potential 
(dx). The heat input to the cathode must then impart 
a potential, V>, to these electrons. Thus, the presence of 
the space charge seriously hampers the operation of the 
device, since fewer electrons will have sufficient potential 
imparted to them to surmount this level. 

Current efforts in thermionic converter development 
are devoted to reducing the space-charge effect. Three 
schemes are being tested: 


1. Decreasing the spacing between the anode and the 
cathode. 
Filling the cathode-anode gap with a gas which neu- 
tralizes the space charge with positive ions. 

3. Using a magnetic triode which accelerates electrons 
from the cathode to the anode by the action of a mag- 
netic field. 


The closer the spacing is between the anode and cath- 
ode, the less effect the space charge has, since the anode 
can sweep the electrons from the gap more readily. In 
fact, Langmuir showed in 1923 that, in order to get one- 
tenth of the electrons emitted from the cathode over to 


Fig. 22 


Thermionic converter with a magnetic accelerator. 





big. 23 


reduces the space-charge effect. 


Potential diagram showing how magnetic accelerator 


cent 


Efficiency, per 


2200 240C 
perature, deg k 
lig. 24—Efficiency of a typical thermionic converter at various 
cathode temperatures. 
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the anode, the spacing between them must be 0.001 in. 
or less. Analysis has shown that the available power out- 
put from a thermionic device is inversely proportional 
to this spacing. Thus, vacuum devices are being built with 
cathode-anode spacings in the order of mils, and develop- 
ment work is being done toward reducing the spacing 
to less than a mil. One of the problems inherent in reduc- 
ing the spacing, however, is the thermal-radiation loss 
from cathode to anode. 

Introducing a gas, such as cesium, into the cathode- 
anode gap improves converter operation in two ways. 
First, the gas ionizes, creating a positively-charged plasma 
which neutralizes the space charge. One such positively- 
charged ion can neutralize the space charge of several 
hundred electrons. The cesium vapor also lowers the work 
function of the anode and increases the cathode work 
function. The cesium vapor adsorbs to both the anode and 
the cathode, forming an atomic film on the surfaces. 
Using metallic oxides as the anodic materials, low work 
functions can be produced by the adsorption of the 
cesium atoms. The smallest known practicable work 
function is obtained by the adsorption of cesium on an 
anode of silver oxide. Its value is 1.0 to 1.) volts. If 
tungsten is used as the cathodic material, its work func- 
tion is increased by the introduction of cesium vapor. 

An interesting effect discovered with cesium-filled 
thermionic converters is that, under certain conditions, 
an alternating-current component is produced without 
any external device. The frequency of this component is 
very high, however, being in the region of 150 kc. 

Applying a magnetic accelerator to the converter, as 
shown in Fig. 22, accelerates the electrons from the 
cathode to the anode. This accelerator imparts a poten- 
tial to the electrons so that the thermal potential required 
to transfer the electrons is reduced. Figure 23 shows how 
the accelerator reduces the space-charge potential. 

A further consideration in thermionic-converter de- 
velopment is that of long life. It has been found that, in 
operation, the cathodic substance is boiled off and de- 
posited on the anode. If dissimilar materials are used. 
such a deposit impairs the properties of the anode and the 
lifetime of the device is short. If, however, the cathode 
and anode are made of the same material, any cathodic 
deposit on the anode rejuvenates the anode, and a long- 
lifetime device is produced. In the case of the cesium- 
filled diode, there is a cesium layer on both the anode 
and the cathode. Cesium atoms are boiled off from the 
cathode to the anode, rejuvenating the anode, and 
cesium atoms are replenished to the cathode from the 
cesium plasma. Thus a cesium diode has a long life. 

The output of a thermionic converter is generally 
low-voltage, high-current d-c. The voltages, however, are 
higher than those obtained with other direct energy- 
conversion devices, ranging from less than one volt to 
2.5 volts. It is theoretically possible to obtain even higher 
output voltages. In order to obtain high voltages, how- 
ever, very high temperatures (1700 K or more) are 
required. 

The efficiency of today’s thermionic devices is about 
17 per cent. However, as better high-temperature cathodic 
materials are developed, this efficiency will be increased. 
Figure 24 shows how the efficiency of one thermionic 
converter increases with cathode temperature. 

The output characteristics of two thermionic devices 
are shown in Figs. 25, 26 and 27. Figure 25 shows the 
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characteristic for a cesium-filled device, with a cathode 

temperature of 1650 C, an anode temperature of 700 C, 

and a spacing of 3 mils. The static impedance is very bean df scttinee paisinineministenibinipmivilaiianatl 
roughly linear until current limiting occurs, when the | Spacing, mils | 3 
curve drops off rather sharply. The current densities of a= —| Cesium temp,| 556 | — 
this device are excellent, giving it a very high power-to- Ln icieat maaibeehel 
weight ratio. pee eae) 

Figures 26 and 27 are the output characteristics of a et ae. 
vacuum thermionic device currently being manufactured _ } + + 
by General Electric. The loading curve is similar to that 
for the cesium-filled device. The regulation is rather 
poor, however. Between no-load and maximum power 
operation, the voltage drop is about 50 per cent. 

The equivalent circuit of a thermionic diode is the 
same as that of a fuel cell described in Part 1. However, 
the capacitive effect is very low. The major contribution 
to the capacitance is the length of time required to form 
a space charge upon drawing a pulse current. As the 
zap across the devices becomes smaller in order to 
improve efficiency, the length of time required to form a 
space charge becomes less (in the sub-microsecond re- 
gion). The time constant of the device is less than a 
microsecond and the dynamic output impedance may be 
considered resistive. Thus, the device is poor for drawing 
pulse currents, and will require static inverters with 
capacitive inputs. 

At current outputs greater than 5 amp/sq cm, the 
cathodic material boils off very rapidly. This would ap- 
pear to be an upper limit presently for long-time opera- 
tion of these devices. 


Voitage 


Fig. 25—Volt-ampere characteristic of a thermionic converter 
with a cathode temperature of 1650 C. 


\ very interesting property of thermionic converters 
is that they can produce alternating current directly from 
thermal energy. The high-frequency a-c component from 
cesium-filled diodes has already been mentioned. Other 
methods of producing alternating current are: applying 
a modulating signal to produce an a-c output and modu- 
lating the injection of ions into gas-filled devices. 

Vacuum thermionic converters can be compared di- 
rectly to thermoelectric converters by analogy. If the 
cathode is considered to be a hot junction and the anode 
a cold junction, the thermionic converter can be pictured 
as a thermoelectric device with the vacuum as one 
thermoelectric leg. A figure of merit can be defined for current, amp 
it. At high temperatures (1500 to 1700 K), a tungsten- Fig. 26—Output voltage vs load current for a vacuum therm- 
cathode thermionic converter demonstrates a figure of ionic device. (Courtesy General Electric Co.) 
merit in the order of 10-2, compared with a figure of 
10°° for the best thermoelectric element. However, as the 
temperature decreases, the figure of merit drops off 
rapidly (approximately 10-* at 1000 K) and the thermo- 
electric element possesses a better figure of merit. For 
this reason. a combination system of thermionic and 
thermoelectric devices is envisioned. The thermionic con- 
verter would operate in the high-temperature range. 
and its reject heat would enter thermoelectric elements 
(Fig. 28). It is hoped that thermal efficiencies of 
per cent can be attained by this method. 

The state of the art of thermionic converters is not 
particularly advanced. Several experimental models have 
been produced, but it is predicted that vast improvements 
will be made. The Massachusetts Institute of Technology 
and the Thermo Electron Engineering Corporation have 
produced a vacuum thermionic converter with an effi- ON AG oD OEY Ok a NE? -O) 
ciency of 13 per cent. RCA has built a vacuum type of Output, volts 











Power output, v 


converter which uses the heat from a rocket exhaust to Fig. 27—Output power vs voltage for a vacuum thermionic 
produce 270 watts from a 3.5 lb package for a power- device. (Courtesy General Electric Co.) 
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Fig. 28—Thermionic-thermoelectric “sandwich.” Thermionic 
converter is directly above flame with thermoelectric generator 
above it. Thermionic power is used to run propellor motor 
while power from the thermoelectric generator is indicated by 
the instruments. (Courtesy General Electric Co.) 


to-weight ratio of 75 watts/lb. RCA has also built a 
gas-filled diode using a tungsten cathode at 2600 C and 
a nickel anode. This device produced 2.5 volts at 10.4 
per cent efficiency. RCA has also achieved 14 per cent 
eficiency in another device. General Electric has built 
a gas-filled diode producing 18.5 watts/sq cm at 13.5 
per cent efficiency. General Atomics, a division of General 
Dynamics Corp., has built a device which converts heat 
directly into a-c power in appreciable quantities. General 
Electric has also built a l1-watt converter weighing 3 oz. 
It operates at 1100 C on the cathode and 650 C on the 
anode. It has an open-circuit voltage of 1 volt with 2.5 
per cent efficiency and 0.2 watt/sq cm. 

Important development work is proceeding in two 
fields—satellites and nuclear power. A thermionic con- 
verter powered by solar energy collected by a mirror 
and focused on the cathode to produce high temperatures 
is being studied (Fig. 29). A great deal of interest has 
also been generated toward using thermionic converters 
in nuclear reactors. General Atomics is developing a 
thermionic converter for nuclear-reactor applications 
which operates at 1800 C cathode and 300 C anode 


Fig. 29—Thermionic converter for solar-energy applications. 
(Courtesy Radio Corp. of America) 


temperatures. The fuel rod acts as the cathode material 
in the modularized converter. Each module produces 
300 watts, 300 amp at 1 volt. It is anticipated that power 
volume densities of 300 kw per cu ft are obtainable. 

The ultimate optimistic hopes for thermionic convert- 
ers are: 

e Vacuum converters: 27 per cent efficiency at 15 watts 
sq cm as compared with 13 per cent efficiency today. 

e Gas-filled converters: 40 per cent efficiency at 100 
watts/sq cm compared with 13.5 per cent efficiency at 18.5 
watts/sq cm today. 

e Magnetic triodes: 22 per cent efficiency. 


Solar Cells 


The conversion of solar energy directly to electrical 


energy is of great interest because of one main factor: 
the source of energy is free wherever and whenever the 
sun is shining. This great advantage is offset, however, 
by two drawbacks: the low energy-intensity of solar 
radiation in the region of the earth, and the high cost of 
conversion materials (between $100 and $200/watt). 

The energy intensity at the earth’s surface is approxi- 
mately 1 kw per sq meter. At this intensity, the area of 
the solar-cell bank required to power the average Ameri- 
can home, using the efficiency of today’s solar cells, is 
about 3600 sq ft. This points up the fact that very large 
areas of solar cells will be required for appreciable levels 
of power output. 

Becquerel, in 1837, first discovered the photovoltaic 
effect. He noticed that a photovoltage was developed 
when light shone on one of the electrodes in an electro- 
lyte solution. About forty years later, two investigators, 
Adams and Day, observed this effect in a solid—selenium. 
Many workers in solid-state physics investigated the 
photovoltaic effect in solids, primarily selenium and 
cuprous oxide. From this work eventually came the de- 
velopment of the photoelectric exposure meter for photog- 
raphy. The first work toward producing electrical power 
using the photovoltaic effect came in 1954 when investi- 
gators studied the conversion of radicactive radiation 
into electrical energy with 2 silicon p-n junction photo- 
voltaic cell. Using a similar method, Bell Laboratories 
converted solar radiation to electrical energy. In 1954, 
their conversion efficiency was about 6 per cent. The same 
year, a cadmium-sulfide solar cell was reported having 
an efficiency of about 6 per cent. 

Solar cells are essentially semiconductors which gener- 
ate a potential when ionized by electromagnetic radiation. 
Figure 30 shows schematically the crystalline structure 
of a basic semiconductor material such as silicon. The 
black dots are the silicon atoms and the double lines 
represent the covalent electron bonding between atoms. 
If a photon (represented in the figure by hy, the energy 
of a photon)* with energy sufficient to break one of 
these bonds (7.e., 1.1 ev or greater for silicon) impinges 
on an electron, the electron is freed and a hole-electron 
pair is produced. 

The energy considerations for this phenomenon are 
shown in Fig. 31. Using band theory, the creation of 
these hole-electron pairs is the elevating of an electron 
from the valence band to the conduction band by the 
absorption of a photon. From this diagram, it is seen 
that a photon which doesn’t have sufficient energy to 
elevate the electron across the forbidden gap will not 


* See “Quantum Electronics,’ G. C. Dacev, Evecrro-Tecunorocy, April 1961, p 109 
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Fig. 30—Crystalline structure of a basic semiconductor ma- 
terial. 


produce ionization. Thus, there is a minimum frequency, 
and consequently a maximum wavelength, of solar radia- 
tion which will cause this transition. 

Figure 32 shows energy-level diagrams for p-type and 
n-type materials. The n-type material has an excess of 
electrons, and its average energy level (Fermi level) is 
raised toward the conduction band compared to the 
undoped material. In the p-type, since it has an excess 
of positive charges, the average energy level is closer to 
the conduction band. When these two materials are 
joined, an energy diagram such as that shown in Fig. 33 
is the result. Since, thermodynamically, the average 
energy level must be the same throughout the material, 
the Fermi levels of the p- and n-type materials are the 
same. Thus, the p-type material is at a relatively higher 
energy level than the n-type, creating a potential gap 
across the barrier region at the junction. The height of 
this potential barrier depends on how heavily the ma- 
terials are doped. This is, of course, the same energy 
diagram as the junction diode.* 

One further consideration must be discussed as part 
of the explanation of 1 solar cell. At a given temperature, 
the product of the number of holes, p, and the number 
of electrons, n, in a material is a constant. For example, 
the constant for silicon at room temperature is np = 
107". In an n-type material, the number of electrons is 
far greater than the number of holes. A highly-conducting 
type of n-type silicon can have an electron concentration 
of 10**/cm*, resulting in a hole concentration of 10*/cm’. 
Thus, the electrons can be considered majority carriers 
and the holes minority carriers. 

When solar energy impinges on this material, majority 


* See “Semiconductor Electronics,” a series of articles by A. A. Sorenson, appearing 
in Execrro-Tecuno.ocy, October 1960 to March 1961. Also available as a combined 
reprint. See p 168 for ordering information. 
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Fig. 32—Energy-level diagrams for p-type and n-type materials. 
Fig. 33 


Energy-level diagram for a p-n junction. 
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Fig. 31—Creation of a hole-electron pair by the impinging upon 
the material of photons of energy, thus elevating an electron 
from the valence band to the conduction band. 


and minority carriers are created in equal numbers. 
Since the density of minority carriers is far less than 
that of majority carriers, the number of minority carriers 
can increase many orders of magnitude, while the ma- 
jority-carrier density is not appreciably affected. Since 
the np product must remain constant, these photon- 
created n-p pairs must either recombine (which most of 
them do in less than 1/10 microsec) or some of the 
carriers must diffuse out of the material. The diffusion 
of minority carriers across the potential barrier of a 
solar cell creates the power output of the cell. 


The operation of a solar cell can then be explained 
using Fig. 33. Photons impinge on the p and n materials, 
elevating electrons to the conduction band and creating 
holes. In both materials, the number of minority carriers 
(electrons in the p-type and holes in the n-type) is 


greatly increased. In the p-type material, the minority 
carriers diffuse through the material, and most of them 
recombine. However, the electrons which are close 
enough to the barrier region to reach it before they re- 
combine are “trapped” by the potential barrier and are 
swept down into the n-type material in order to reduce 
their energy. A similar sequence of events occurs in the 
n-type material, with the excess holes being swept into 
the p-type material. Thus, electrons and holes are trans- 
ferred across the barrier region, resulting in a flow of 
current. If an external circuit is now connected, with 
suitable contacts, to the p- and n-type materials, this 
current flows through the circuit and delivers power. 

It should be noted that the output voltage of the solar 
cell is the potential drop the minority carriers experi- 
ence when crossing the potential barrier. Since the Fermi 
levels in both materials must be the same, it is seen 
from Fig. 33 that the output voltage is always less than 


the energy gap. Also. as current passes through the 
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external circuit, some majority carriers of both regions 
are neutralized by it, and the Fermi levels of both 
materials shift in a manner which decreases the potential 
barrier or output voltage. 

A typical loading curve for a Hoffman high-efficiency 
silicon solar cell is shown in Fig. 34. This curve is for 
average bright sunlight at the earth’s surface at 25 C. The 
curve is essentially the characteristic forward current 
vs voltage curve for any diode; normally the character- 
istic curve would have its zero-current point at zero 
voltage and would be similar in shape. However, irradia- 
tion translates the curve such that the no-load point is 
at 2.5 volts for this particular cell. 

Although the curve is flat at low current drains, the 
voltage drop between the no-load and maximum power 
points, which is the usable portion of the curve, is about 
20 per cent, which presents a regulation problem. A 
second problem is the sharp current limiting which occurs 
when the current drain is beyond the maximum load 
point. This portion of the curve cannot be used for power 
because operation is unstable in this region. 

Due to variations in the production of individual cells, 
the loading characteristic for a panel of cells will not 
be as sharp as shown in this curve. The curve will be 
more rounded, with a corresponding decrease in the 
maximum power available from a panel relative to an 
individual cell. 

The dynamic equivalent circuit for a solar cell is the 
same as that shown in Part 1 for a fuel cell (Fig. 10). 
comprising a resistance in series and a capacitance in 
parallel with the output. However, the present available 
silicon units have time constants in the order of micro- 
seconds. Thus, the capacitive component is extremely 
small, and transient response is very poor. In order to 
invert the output of a solar cell then, capacitance must 
be designed into the input of a static inverter. Since the 
capacitance of a solar-cell junction is strongly dependent 
upon the fabrication technique used, it is too early to 
predict whether or not the internal capacitance of solar 
cells will be developed to the state where it is useful. 

The state of the art of solar cells is far enough ad- 
vanced that they are in use today. Up to this time, the 
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Fig. 34—Typical output characteristic of a high-efficiency solar 
cell. (Courtesy Hoffman Electronics Corp.) 
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operating power for most space vehicles has been sup- 
plied by silicon solar cells. This includes Pioneer V 
(which transmitted data from 15 million miles in space) 
and some Russian vehicles. The silicon solar cells that 
are available for today’s vehicles have conversion effi- 
ciencies of 9 to 11 per cent in production quantities and 
14-15 per cent for some special cells. Their cost is $200/ 
watt for high-efficiency cells and $100/watt for low- 
efficiency ones. 

This high cost is one main drawback to the commercial 
use of solar cells. The main reason for their expense is the 
high cost of hyperpure silicon (about $100 per pound) 
which is required for their manufacture. It is anticipated, 
however, that the cost of silicon solar cells will be sub- 
stantially reduced in the near future. Within two years. 
improvements in manufacturing procedures and a re- 
duction in the cost of silicon should cut their cost in half. 
The use of solar concentrators should cut the cost by 
another one quarter of today’s price. 

Work is being done to improve the conversion effi- 
ciency of silicon solar cells. The maximum possible 
efficiency of these cells is 22 per cent, limited by the 
relative number of photons of the solar spectrum which 
fall in the energy-gap range of the silicon (1.1 ev). 
Photons with not enough energy. of course, are not able 
to elevate electrons from the valence to the conduction 
band. Photons of too-high energy raise electrons to the 
conduction band, but the energy imparted in excess of 
the energy-gap requirement is dissipated as heat. Withow 
special coatings, the conversion efficiency of silicon solar 
cells may be increased to 17 per cent. This is possible 
(among other ways) through the use of improved meth- 
ods of making ohmic contact with the cells to conduct 
the electricity. Special coatings to improve the spectral 
response of the cell will improve the efficiency. 

A great deal of development work is being expended 
on materials other than silicon for use in solar cells. The 
materials receiving the greatest interest today are gallium 
arsenide, gallium phosphide, selenium, cadmium tellur- 
ide, and cadmium sulfide. The parameters of these ma- 
terials which are being studied are their energy gap, mo- 
bility and lifetime of minority carriers, reverse saturation 
currents, chemical stability, absorption constants, and 
the practical consideration of availability. 

The parameter which has the greatest influence on 
improving conversion efficiency is the energy gap. From 
theoretical censiderations, it is projected that a ma- 
terial with an energy gap of 1.5 to 1.6 ev should have 
the highest conversion efficiency. Of the materials men- 
tioned, cadmium telluride (E.G. = 1.45 ev) and selenium 
(E.G. = 1.6 ev) fall closest to this range. Gallium 
arsenide (E.G. = 1.35 ev) has demonstrated conversion 
efficiencies of 7 to 8 per cent and should outperform 
silicon solar cells at higher temperatures. Gallium phos- 
phide (E.G. = 2.25 ev) has a maximum theoretical 
efficiency at 300 C of 10 per cent. Its output voltage of 
1.2 volts is the highest for any single-junction cell. 
Cadmium sulfide (E.G. = 2.4 ev) has produced energy 
conversion at an efficiency of 9 per cent. Selenium 
(E.G. = 1.6 ev) has a 1.5 per cent efficiency. Cells made 
of selenium are heavy and large; however, it is being 
used extensively where light intensity is measured, such 
as in light meters and photocells. Cadmium telluride 
(E.G. = 1.45 ev) has an energy gap close to the theo- 
retical optimum for conversion efficiency. 


ELECTRO-TECHNOLOGY 





High - energy 
gop material 


Junction 


LARRRRARREKK KR RR KERR RAR SSS 
\ 
LOw -energy 


gop material 


Fig. 35—Schematic of a solar cell using two types of material 
to improve efficiency. 
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Fig. 36—Composite solar cell using two types of material with 
dichroic mirror to split: photons. 


Perhaps the most interesting portion of the develop- 
ment work is in the use of combinations of these ma- 
terials. If different materials of different energy gaps are 
used, a larger portion of the solar spectrum can be con- 
verted. Two methods of utilizing two materials are shown 
in Figs. 35 and 36. Figure 35 shows a high-energy-gap 
material placed atop a low-energy-gap material. The 
high-energy-gap material converts the high-energy pho- 
tons, and ideally is transparent to the low-energy ones. 
The latter photons are converted in the low-energy-gap 
material, and the portion of the solar spectrum converted 
is increased. Figure 36 shows a dichroic mirror, trans- 
parent to low-energy photons (long wavelengths), which 
reflects the high-energy photons. When this mirror is 


placed at a 45-deg angle between two materials of differ- 
ent energy gaps at right angles, the photons impinging on 
the materials can be made to correspond to their energy 


gaps. 

An ingenious method of varying the energy gap in 
one material has been devised using gallium as the base 
material. Phosphorus is diffused into a crystal of gallium 
arsenide, which is a low-energy-gap material. The phos- 
phorus forms gallium phosphide, a high-energy-gap 
material, in the crystal. The concentration of gallium 
phosphide varies in the direction of diffusion, and a single 
material with a varying energy gap results. 

Other problems being worked on are concerned with 
decreasing the resistance of electrical contacts to the 
cell and the production of thin, large-area cells. 

Solar cells are in production today, Hoffman Elec- 
tronics Corp. being one of the principal suppliers. As 
examples of some of the work in progress, study pro- 
grams are being carried out by RCA on gallium arsenide 
and phosphide cells, by Armour Research Foundation 
on cadmium telluride cells, by Electro-Optical Systems, 
Inc., on stacked composite solar cells and the dichroic 
mirror composite cell, and by Eagle Picher Research 
Laboratories on single-crystal, variable-energy-gap cells. 


Other Power Sources 


@ Magnetohydrodynamics. In a magnetohydro- 
dynamic (MHD) generator, thermal energy is converted 
to electrical energy. It should be pointed out at the start 
that this device is not of the fusion type, where hydrogen 
is converted to helium and energy. Instead, the MHD 
generator operates on the Faraday principle—an emf is 
induced in a conductor moving in a magnetic field. Usu- 
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ally, a solid conductor is considered in this connection; 
and, of course, all rotating generators work on this 
principle. In an MHD generator, however, the moving 
conductor is not a solid, but an ionized gas at a high 
temperature moving at a high velocity. 

Figure 37 illustrates the operation of an MHD genera- 
tor. The ionized gas flows through a magnetic field and 
has an emf induced in it. Electrodes inserted in the gas 
act as brushes to pick off a current from the emf and 
this current is passed through the load and back into 
the gas. 

The actual energy-conversion process is somewhat more 
complicated than this simple explanation. A_ thermal 
source is used to impart enthalpy to the gas. This en- 
thalpy acts to increase the pressure and temperature of 
the gas. The pressure then forces the gas through the 
magnetic field, and electricity is generated at the expense 
of an enthalpy decrease of the gas. The gas then leaves 
the generation section, which is actually an expansion 
nozzle, at a lower temperature and pressure than when 
it entered. 

The gas, in order to be a conducting medium, must 


Fig. 37—Schematic showing operation of a magnetohydrody- 
namic generator. 
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be ionized. The most practical way to ionize it is to 
raise it to a high temperature (2000 C or more). This 
presents the problem of obtaining materials which will 
be able to withstand such high temperatures. An alter- 
native method is to seed the gas with potassium or 
cesium, both of which ionize rather readily and thus 
allow ionization of the gas at lower temperatures. An 
interesting point to note here is that 0.1 per cent ioniza- 
tion of the gas makes it nearly as good a conductor as 
complete ionization. 

The MHD generator can be run at very high tem- 
peratures, because it is a simply constructed device with 
no hot, highly stressed moving parts. Since it can stand 
such high temperatures, the Carnot-cycle efficiency can 
be made higher than with other thermal-to-electrical 
energy converters. This means, of course. that the system 
needs a high-temperature source of thermal energy. 
Nuclear reactors and (in time) fusion reactors may 
prove to be the answer to this need. 

The voltage output of an MHD device is d-c and is a 
function of the magnetic-field strength, the gas velocity, 
and the spacing between the electrodes. It is thus different 
from a fuel cell and a solar cell, where the no-load volt- 
age is a function only of the materials used. The voltage 
output of an MHD generator can be varied much more 
easily. 

MHD generators will be uneconomical except for large 
power stations (1 megawatt or more). In such cases. 
MHD devices show promise of being more compact and 
much lighter than competing systems. It is hoped that 
MHD generators will have efficiencies of 60 per cent 
or more, but 50 per cent seems to be a more realistic goal. 

Some MHD devices have been built. Westinghouse has 
operated an MHD generator producing 2.5 kw. It is 
rated at 10 kw. The generator was fueled with furnace oil 
and oxygen with potassium soap in the oil as seeding. 
The gas velocity in the device was 2000 miles/hr, and 
the temperature was 2500 C. The external magnetic flux 
was 14,000 gauss. with the generator section 1.5 in. x 5 
in. in cross section and 16 in. long. Operation time has 
been less than 4 min to prevent deterioration. 

Avco-Everett Research Laboratory has run an experi- 
mental MHD generator at 10 kw, but for only seconds 
at a time. The gas used was argon or helium seeded with 
potassium carbonate. The Missile and Space Vehicle De- 
partment of General Electric has recently demonstrated 
an experimental MHD device which produced about | 
kw for nearly 5 sec. American Electric Power Service 
Corporation and Avco-Everett Research Laboratories are 
studying two approaches to large MHD power stations. 
An efficiency of 55 per cent is estimated for a coal-fired 
furnace station and 58 per cent for a nuclear reactor 
station. Both stations are being considered for operation 
at 450 megawatts. 

The state of the art of MHD generators can be inferred 
from the projected minimum operational power level of 
1 megawatt and the maximum present power capability 
of 10 kw for only a few seconds. However, MHD power 
generation is looked upon hopefully for diverse applica- 
tions. An MHD device is under study for producing power 
from rocket-engine exhausts. Since rocket engines pro- 
duce high-temperature, high-velocity ionized gas streams, 
a magnetic flux can be put across the stream to produce 
electrical power before the stream leaves the engine to 
produce thrust. In addition, the concept of using a free- 
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convection harp with a liquid metal as the working flux 


is being studied. 


@ Photoemissive Power Generator. Westinghouse 
Electric Corporation, supported by the U. S. Army 
Signal Research and Development Laboratory, has de- 
veloped a device for the conversion of solar energy to 
electrical energy by the photoemissive effect. In this de- 
vice, photons striking the photocathode eject electrons 
from the cathode, which then travel to the anode. The 
electron flow and energy-level diagrams are similar to 
those for thermionic devices (Figs. 19, 20, 21), with the 
exception that electrons are ejected by the absorption of 
photons of solar energy rather than heat. The descrip- 
tion of the operation of the device is the same as for the 
thermionic device. 

Since the photoemissive device is similar to the ther- 
mionic device, many of the design requirements are 
similar. The cathode-anode spacing should be as small 
as possible to cut down space charge, and the anode 
should have as low a work function as possible. For 
the photoemissive device, some additional requirements 
become necessary. Since the anode must have a low 
work function and can photoemit electrons, it must be 
kept in the dark to prevent back-current. 


Figure 38 is a cross-section of one type of photoelectric 
generator. Physically, it is composed of two finewire 
meshes in a vacuum enclosed in a glass envelope. The 
top surfaces of the meshes are coated with an insulator, 
and the bottom surfaces with a low-work-function anode 
material. Thus, the wire meshes serve as structural sup- 
port for the anode materials and as the bus bars for 
the anode current. 


On one side of the glass envelope (the surface which 
will be facing the sun) a third mesh is sealed to the 
glass and a photocathodic material is deposited over it. 
Thus, photons from the sun strike the cathode, dislodging 
electrons. These electrons pass from the cathode to the 
anode and through the external circuit. With this physical 
setup, the anode is protected from sunlight by the cathode, 
and the device can be made quite thin—about 30 mils 


thick. 


Using presently available materials, analysis has shown 
that a generator of 3 per cent efficiency can be made. 
A device to demonstrate the feasibility of such a gen- 
erator has been built by Westinghouse, and it developed 
125 microwatts at an efficiency of 0.01 per cent. When 
the efficiency is improved, the device may be attractive 
as a power generator because of its simplicity and po- 
tentially low figure of specific weight. 
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Fig. 38—Cross-section of a photoelectric generator. (Courtesy 
Westinghouse Electric Corp.) 
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@ Ferroelectric Energy Converters. International 
Telephone and Telegraph Corp. has developed a device 
which converts thermal energy to electrical energy through 
the change of dielectric characteristics of ferroelectric 
materials heated beyond their Curie point. Figure 39 
shows the variation of permittivity of a ferroelectric 
material near its Curie temperature. Since the dielectric 
constant of a substance is a function of its permittivity, 
the variation in dielectric constant with temperature is 
similar. 

Figure 40 is a diagram of a circuit using a ferroelec- 
tric converter. The converter itself is a capacitor with 
a ferroelectric material as the dielectric. The capacitor is 
kept in a charged state by means of a storage battery 
or some other source of d-c. The charging diode has a 
high reverse voltage. Assuming that the ferroelectric 
material is maintained at its Curie temperature, the 
charge on the capacitor is 


Q=CV. 


If heat is now applied to the capacitor so that the tem- 
perature rises to point T, in Fig. 39, there is a resultant 
decrease in permittivity. The new permittivity is 
Cs = (K./K.)C. 
where K, and K, are the dielectric constants at the 
Curie point and 7',, respectively. 
If switch S1 is now opened, the charge on the capacitor 


cannot decrease, due to the presence of the charging 
diode. The voltage across the capacitor is now 


(K./K,)5 


Since the ratio K,/K, is greater than one, the effect of 

heating the capacitor is to increase the voltage across it. 

The energy stored in the capacitor at the Curie point is 
W. = (1/2)0V. 


Increasing the temperature increases the energy stored 
in the capacitor by the amount 


W, — We = (1/2)0(V2 — VD = (1 0 me i 1 


When the switch is closed, current flows through the 
discharge diode, energy is supplied to the load, and the 
current originally supplied by the battery is returned 
to it. Thus, the battery does not supply any power, but 
acts only as a voltage source. 

Many system schemes can be devised using these 
devices. Since the temperature of the ferroelectric must 
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Fig. 39—Permittivity vs temperature for a ferroelectric ma- 
terial. 
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Fig. 40—Schematic of a circuit using a ferroelectric converter. 


be cycled to produce power, an alternating-current output 
is easily attained. Thus, this device can convert heat 
directly into a-c power. A three-phase a-c generator can 
be made by temperature cycling three thermoelectric 
generators in proper sequence. An earth satellite rotating 
as it travels through space would periodically expose 
and block solar energy from the generators, so that 
single or three-phase a-c power could be supplied. Pro- 
ducing d-c power necessitates using a group of converters 
connected in parallel and temperature-cycled in sequence. 

A distinct advantage is that high-voltage power can be 
produced from a single generator, thus avoiding a series- 
connected arrangement required by other energy con- 
verters. The combination of a high charging voltage and 
a material with a high K,/K, ratio results in output 
voltages in excess of 1000 volts. 


e@ Austin Effect. A new power source has recently 
been announced by the Westinghouse Aircraft and Mis- 
sile Electrical Power Systems Division. Power is pro- 
duced from the heating of a special type of vitreous 
enamel. A piece of iron is coated with the enamel, and 
the enamel is coated with a layer of silver. Electrodes 
are attached to the iron and the silver. When this sand- 
wich is heated to 200 to 750 C, power is produced by a 
mechanism which is not yet fully understood. However, 
it is believed that the enamel acts as a battery in which 
the thermal excitation of ions or electrons is the source 
of current flow from the enamel to one of the metals. 
It is important to note that no temperature differential 
is needed to drive this device, and therefore it is not 
subject to the Carnot-cycle limitations. 

The power output of this source has been demonstrated 
at 16 milliwatts/sq in. of silver surface at 600 C. An 
interesting point about this output is that, after current 
flow is initiated, it continues at decreasing levels for a 
period of time until the enamel cools below its excitation 
point. A sample held in a 650 C ambient experienced a 
power-output decrease from 13 milliwatts to only 7.5 
milliwatts in 2 hr. 

The unit is highly reliable, inexpensive, has a long 
shelf life, and may prove to be very efficient. It is hoped 
that the limit will demonstrate a weight-to-power ratio 
as small as 5 lb per kw-hr. An immediate application en- 
visioned for the device is to produce electrical power 
using the heat from a rocket exhaust. The device is in 
the beginning stages of its development. 


e@ Nuclear Reactors. No report on advanced energy 
conversion is complete without at least a mention of 
nuclear reactors. No major section of this article was 
devoted to it because the energy generated in most 
operating reactors today is converted to electrical energy 
with the steam-turbine-generator system, the power output 
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of which is familiar to all electrical engineers. 

Note should be made of a few reactor advances, how- 
ever. Development work is being done toward convert- 
ing the heat generated in a reactor directly to electrical 
energy through the use of thermionic devices, thermo- 
electric devices, and combinations of these two. A 
nuclear reactor for use in outer space has been developed 
by Atomics International. It produces 3 kw of electrical 
energy. 

Battelle Memorial Institute (under a contract with 
Pratt and Whitney Aircraft Co.) has recently announced 
the development of a plastic-modulated, low-power ‘ re- 
actor in which radiation generated by the reactor (that is. 
the kinetic energy of the fragments resulting from the 
fission of uranium) is converted directly to electricity. 
Fission fragments leaving a thin layer of uranium are 
positively charged and are endowed with about 84 per 
cent of the total energy released in the fission. These frag- 
ments are collected on a properly insulated electrode. 
causing build-up of very high voltages (up to several 
million volts). Subsequent charged fragments do work 
against this field. Thus their energy is transformed from 
kinetic to electrical energy. 

@ Fusion Energy. Work is in progress toward the 
creation of energy by atomic fusion, a process similar 
to that of the sun’s generation of energy. In this system. 
hydrogen nuclei are converted to helium nuclei under 
very high temperatures and pressures, with a resultant 
release of large amounts of energy. This process is in 
the basic experimental stage and probably will not be 
practicable for many vears. 


Summary 


The demand for power in the world is increasing 
rapidly, both for commercial use and military (space- 
vehicle) use. Two types of power sources are receiving 
the greatest interest in attempting to meet the demand: 
chemical energy (either converted directly to electrical 
energy or converted to thermal energy and then to 
electrical energy) and solar energy. The majority of the 
development work on conversion systems is being con- 
ducted on four devices: fuel cells, thermoelectric con- 
verters, thermionic converters and solar cells. 

The electrical output of these devices is low-voltage 
d-c, with the exception of the thermionic device, which 
may be developed to produce a-c. The equivalent diagram 
for these devices is a generator, either voltage or current, 
with a resistor in series and a capacitor in parallel with 
it. The capacitive component for the thermionic, thermo- 
electric, and solar cell devices is small, but is large for 
fuel cells. 

Fuel cells convert chemical energy directly to electrical 
energy. Efficiencies run between 60 and 80 per cent. 
Current densities up to 400 amp/ft? and power-to-weight 
ratios of 80 watts/lb are obtainable. It is hoped that the 
latter ratio can be raised to over 1000 watts/Ib. 

Thermoelectric devices, on the other hand, convert 
thermal energy to electrical energy. In the future it is 
hoped that these devices will be made 20 to 35 per cent 
efficient at power densities of 100 watts/Ib. 

Thermionic devices also convert thermal energy to 
electrical energy. They operate at higher temperatures 
than thermoelectric devices, with cathode temperatures 
of 1700 K and higher. They operate at efficiencies of 


= 


about 17 per cent today, but it is hoped that 40 per 


94 


cent conversion efficiency will be reached. Current densi- 
ties of 4500 amp/sq ft are produced today, and densi- 
ties of 18,000 amp/sq ft are hoped for, Power ratios 
today are about 75 watts/lb. This figure will be appre- 
ciably increased. 

Solar cells are being used today on space vehicles to 
convert solar energy to electrical power. Units of 15 
per cent efficiency are produced today, with hopes of 
efliciencies in excess of 20 per cent in the future. Power 
densities are limited by the intensity of the solar energy 
incident on the cells; a density of about 18 watts/sq ft 
is possible. 

It appears today that fuel cells will become a major 
power-conversion device because of their high conver- 
sion efficiency. Thermoelectric devices appear to have 
application at relatively low temperatures, below 1000 K. 
Thermionic devices, due to their very-high current den- 
sities. will in time have the highest power-to-weight 
ratios and consequently have great potential for space 
use. Solar cells offer unattended, inexpensive operation 
in locations where sunlight is dependable. Oooo 
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Editor’s Note: Inevitably, machine-design and systems- 
analysis technologies have overlapped and intertwined, 
as the control engineer began to employ dynamic elec- 
tromechanical components and at the same time the 
power and drive engineer became involved with com- 
plex and refined control and system needs. Neither the 
power engineer (with his machine-design based meth- 
ods) nor the system engineer (thinking in terms of 
known-performance black boxes with inert intercon- 
nections) could cope with the analysis of systems in- 
volving dynamic components, energy conversion, and 
the energy and loading effects taking place between 
components in such systems. 

Traditional machine-design concepts of electric 
power devices, in which each basic type is considered 
separately, do lead to certain steady-state equivalent- 
circuit methods for analysis of systems containing 
electromechanical devices—but these are limited. Tran- 
sient and dynamic effects are often of greatest concern 
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in systems. “Transient” and “dynamic” imply motion 
and change; energy-based analysis has therefore 
proved to be the channel for linking electric-circuit 
and mechanical-motion equations. By employing 
energy-conversion laws and their implications, the 
transition of stored electrical energy to mechanical 
and back can be vividly and usefully expressed and 
analyzed. 

Circuit relations for electromechanical energy-con- 
version systems must include coupling of mechanical 
to electrical quantities, thus demanding “dynamic 
circuit theory,” in Messerle’s phrase. Tensor analysis, 
generalized machine theory, network simulation of 
fields, Gabriel Kron’s methods (and those derived 
from them) are proving to be the most practical ways 
of solving dynamic system problems. One of the reasons 
is that these methods lead to the techniques of “piece- 
wise analysis” which are so adaptable to broad and 
versatile engineering use of general-purpose digital 
computers. —A.E.R. 
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was for many years consulting engineer with 
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junct Professor of Electrical Engineering at RPI. 
In 1959 he was awarded the AIEE Lamme 
medal. He is the author of two books, The 
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Introduction 


THIS ARTICLE deals with the flow of energy to and fro 
between electrical and mechanical systems, and especially 
with the rotating electromagnetic machines that are the 
principal means for such energy transfer. 

The two kinds of voltage in inductive circuits, the 
“transformer” voltage (Ldi/dt) due to varying current, 
and the “speed” voltage (idL/dt) due to varying induct- 
ance, are first considered; and the concept of magnetic 
force as the space derivative of stored magnetic field 
energy is established. From these ideas, the way in which 
torque is created, and the dependence of power output 
on dimensions, speed, and other parameters of machine 
design are derived. Then, the basic circuit equations and 
the impedance matrix of the generalized machine are 
built up, step by step, always keeping in view the physical 
concepts of machine structure. Finally, the requirements 
for practical machines are outlined, and the equations 
and equivalent circuits for each of the four basic types 
of machine are derived by suitable matrix transformations. 
For convenience, the elementary equations of physics 
that govern machine behavior are given in an appendix. 

A chief purpose of the article is to aid in design and 
performance calculations of electromechanical systems that 
include rotating machines as components. 

The underlying unity in all power systems enables them 
all to be analyzed in terms of a few basic differential 
equations and corresponding equivalent electric circuits, 
linear graphs or block diagrams. (/)* Also, all forms of 


* Italic numerals in parentheses refer to Cited References at end of article. 
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Fig. 1—Simple reluctance motor. 
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Conversion 


electric motors, generators and other devices can be 
derived from a single “generalized” machine, by suitable 
reconnections and mechanical arrangements. (2, 3, 4) 


Magnetic Force; The “Reluctance” 
Machine 


A primary concept in electromechanical energy con- 
version is that of magnetic force as exhibited in the 
ordinary electromagnet consisting of a coil on an iron 
core with an air gap and a movable armature. When a 
current is supplied to the coil, magnetic flux is created 
that produces a force across the air gap in the core, 
tending to close the gap. Instead of causing linear motion, 
an electromagnet can be arranged to cause rotation, as 
in Fig. 1. The coil inductance, L, varies with the angular 
position of the rotor, and is at a maximum when the 
long axis of the rotor, called the direct axis, is in line 
with the axis of the stationary coil, or when @ = 0 in the 
figure. As the rotor turns, L decreases to a minimum at 
6 = 90 deg, when the short or quadrature rotor axis is 
in line with the coil. When a current flows in the coil, 
the magnetic forces tend to turn the rotor into a position 
of maximum inductance, with the direct axis along the 
coil axis. 

The variation of L with @ may be determined by flux 
plotting, or from published charts. Usually, the variation 
is assumed to be sinusoidal as an approximation, so that 
at any angle, @, 


L = (La + L,)/2 + [(La — L,)/2] cos 26 henries (1) 


where L, = inductance along the direct axis when 0 = 0 
(maximum), and L, = inductance along the quadrature 
axis when @ = 90 deg (minimum). 

The equation of the electric circuit of the reluctance 
motor is: 


e = Ri + d(Li)/dt volts (2) 


e = Ri+ Ldi/dt — (La — L,) sin 26 d6/dt volts 


The last (joint energy) term is the voltage induced by 
the changing mutual inductance, and is proportional to 
the angular speed of rotation. The torque is the derivative 
of the magnetic energy with respect to 6: 


T = d(Li?/2)/dea = —(i?/2)(La — L,)sin 26 newton-meters (3) 


This has its maximum value, i#?(Lg — L,)/2, when 
6 = 45 deg. 

If the current is held constant, the torque alternates 
as the rotor turns, with an average value of zero, so that 
a d-c reluctance motor is merely a positioning device like 
a solenoid. However, if current is alternating, i sin of, the 
torque becomes: 
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T = (isin wf)?[(La — L,)/2]sin 26 
= (i?/4)(La — L,)(1 — cos 2wt)sin 20 


= (i?/8)(La — L,)[2 sin 26 — sin(2@ + 2wt) — 
sin (20 — 2 wl)] newton-meters (4) 


This will have an average value only if 6 = 0, + of; that 
is, if the rotor turns at synchronous speed with one revo- 
lution for each cycle of the supply frequency. In this 
case, the torque is: 


T = (2/8)(La — L,)[2 sin(24) + 2ut) — 
sin(265 + 4wt) + sin 20)] newton-meters (5) 


The first two terms represent alternating torques of 
twice and four times line frequency. The third term is a 
steady torque proportional to the sine of twice the angle 
of displacement between the direct axes of the stator and 
rotor when t = 0. After the rotor has been brought up 
to speed by some auxiliary means, it will continue to run 
in synchronism as long as the torque of the applied load 
does not exceed the maximum value of this steady torque. 

It will be recognized that, instead of one field pole, 
as shown in Fig. 1, many equally spaced poles may be 
provided, and in this case the speed in revolutions per 
second will be lower for a given frequency in proportion 
to the number of poles. 

Alternatively, the stationary (field) coil may be sup- 
plied with direct current and the rotor can be provided 
with m equally spaced teeth (where m is an integer > 1) 
for each stator coil, so that there will be no change in 
the flux linking a stator coil as the rotor turns. Then, if an 
additional stator winding is provided, with m equally 
spaced coils (Fig. 2), alternating voltages will be induced 
in them and the machine will act as an electric generator, 
called an inductor alternator. 

The typical inductor-type machine has windings on one 
side of the air gap only, and it requires nearly twice as 


32- pole a-c winding 


4-pole d-c 
field winding 


16 inductor teeth 


Fig. 2—Section of inductor alternator. 





much iron as comparable machines of the synchronous, 
induction, or d-c types to be considered later. When 
supplied with direct-current field excitation, the magnetic 
flux pulsates but does not reverse, so that the maximum 
flux change is not more than half that when the flux 
goes through a full reversal, as in other machines. If 


supplied with a-c excitation, the volt-amperes required 
are so high that the machine has low power factor and 
efficiency. Inductor alternators have an important field 
of use in generating high frequencies (300 to 20,000 
cycles, more or less) where the high speeds make rotor 
windings undesirable. 


Rotating Machines in General 


Basie Features (5) 


To obtain high output from a rotating machine for a 
given amount of iron and copper, it is necessary to have 
(1) high flux density, to give high magnetic energy stor- 
age; and (2) full flux reversal, to obtain a wide range 
of flux change. At high densities, a good many ampere 
turns will be needed to magnetize the iron, in addition 
to those for the air gap. To avoid the high voltage 
associated with large flux changes at full frequency, and 
thereby to minimize the volt-amperes required for field 
excitation, it is necessary (3) to use direct current for 
the field or, as an alternative, (4) to reduce the current 
needed by using small air gaps. 

Thus, there are two widely used categories of alternat- 
ing-current machines; synchronous machines with direct- 
current field supply, Fig. 3; and asynchronous, or induc- 
tion, machines with small air gaps, Fig. 4. A third major 
category of rotating machines comprises direct-current 
machines (Fig. 5) that are formed by adding a com- 
mutator, or rotating current rectifier, to a synchronous 
machine. A fourth, less important, category includes com- 
mutator type a-c machines, which are basically of the 
asynchronous type (Fig. 6). An important difference in 
the construction of the synchronous (or large air gap) 
and the asynchronous (or small air gap) machines is 
that the former usually have salient poles and large slot 
openings, while the latter have distributed stator windings 
and small slot openings. If large slot openings were used 
with small air gaps, large high-frequency iron losses would 
occur on the a-c side of the gap due to the large and 
rapid variations in the air-gap reluctance as the stator 
and rotor slots pass each other. 

All four of these basic machine types have concentric 
stators and rotors, both carrying multipolar coil windings. 
To reduce the air-gap reluctance, the coils are embedded 
in slots on both sides. The tangential forces then act on 
the teeth, which are strongly magnetized. The flux density 
inside the slots is low, but even slot-embedded conductors 
are subjected to considerable forces under starting or 
short-circuit conditions. 


Field pole 


Str p field 
coil 
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Open stator 
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Rotor spider 


Fig. 3—Cross-section of salient-pole synchronous machine 
with open stator slots and strip-wound field. 


Windings that carry alternating currents are arranged 
in many slots, whereas windings that carry d-c (such as 
synchronous-machine field windings) usually have only 
one coil for each “salient” pole. Since a non-sinusoidal 
flux distribution or pattern will produce flux “harmonics” 
that produce losses but no useful power, it is desirable 
to shape salient field poles to produce an approximately 
sinusoidal waveform, and it is especially necessary to 
arrange stator windings to produce a sinusoidal field. This 
is the reason for using a large number of stator slots— 
in small air-gap machines particularly. 

For easy visualization, it is usual to consider sinusoidally 
distributed mmf waves as due to “current sheets,” as if 
the currents were uniformly distributed around the 
periphery instead of being located in slots. The magnetic 
fields produced by these current sheets are found by 
multiplying the effective ampere turns at each point by 
the effective permeance of the air gap, 47K,/(G X 10°), 
where K, is the ratio of the effective to the total air-gap 
area as found by field theory (as by flux plotting) and G 
is air-gap length.* In the case of salient poles, the 
fundamental components of the flux waves produced by 
sinusoidal current sheets in the direct and cross axes 
(D and Q axes) are determined by Fourier analysis, and 
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Fig. 4—Cross-section of three-phase squirrel-cage induction 
motor with distributed stator winding. 
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~Commutator 


fig. 5—Cross-section of d-c machine. 


the ratios of these to the fields that would be produced 
with a uniform air gap, G, give the corresponding values 
of K, for the D and Q axes. 


Torque and Output (6) 


To calculate the machine torque, all the air-gap fields 
are assumed to be sinusoidal in space, and rotating at 
uniform speeds. We need be concerned with the 2P pole 
fields only, as these alone produce useful torque. The 
ampere turns acting across the air gap at any point @ are 
equal to the total number of amperes in the current sheet 
between that point and the nearest peak of the current 
density wave. Or: 


NI = V¥24 fees Ped(De/2) 
+ 


= (Vv 2 DA/2P)sin 6 amp-turns (6) 


where D is the air-gap diameter in meters, P is the number 
of pairs of poles, and A is the rms ampere conductors 
per meter of periphery (total of all rms slot currents 
times KypmKam/aD, where K,,, and Ky, are the winding 
pitch and distribution factors). 

Since the amplitude of the fundamental flux wave is:* 


ee sin P9 webers/sq meter (7) 


where G is the effective air-gap length in meters. The 
torque produced by the interaction of the stator and rotor 
fields is found as the derivative of the total stored mag- 
netic energy in the air gap with respect to @. Adding the 
field of the winding on the other side of the air gap, at a 
phase displacement of a mechanical degrees, the combined 
air-gap flux density is: 


B = B, sin Pé — B. sin P(@ + a) (8) 


B, = 4r(NI/G) 10-7 


[he total magnetic energy stored in the air gap is then 


W = (volume of air gap X average value of B?)/(8r & 1077) 
r/P 


(DLPG X 107/8x) | B? de 


0 
riP 


(PDLG X 10°/8 r) | {By sin? Pé—2B,B; sin Pé sin[P(@+.a)| 


0 


+ B,? sin? P(@ + a)} dé 
(PDLG X 10°/8 r)(x/2P)(B;? — 2B,B, cos Pa + B;?) 
(DLG X 107/16)(maximum resultant flux density)? watt sec 
(9) 


*See Appendix at end of article. 
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Fig. 6—Cross-section of a-c commutator machine. 


where L is the core length in meters. 
The torque is the derivative of this with respect to a: 


T = x = (PDLGB,B: sin Pa) 10'/8 newton-meters (10) 
a 


Substituting the maximum value of B, in terms of A, 
from Eq (7), this is: 


T = (x V 2/4)(D*LB.A, sin Pa) newton-meters (11) 


The numerical coefficient of this equation is 1.110. The 
power output in watts is equal to the torque in Eq (11) 
times the speed of rotation in radians per second (mn/30), 
or 


power = (x? V 2/120)(nD*LB,A,) sin Pa watts (12) 


where n = revolutions per minute. 

For example, if B, is 0.7 weber per square meter 
(45,000 lines per sq in.), and A, is 10° amp per meter 
at the point of maximum torque (which are reasonable 
values in practice), the expected output at the angle of 
maximum torque (Pa = 90 deg) is: 


maximum output = 8160nD*L watts (13) 


or about 70 kw for an 1800 rpm motor with an air-gap 
diameter of 0.2 meter and a core length of 0.12 meter. 
Since the permissible rated output is of the order of % 
of the maximum, this shows that such a machine might 
have a continuous rating of about 30 hp (1 hp = 746 
watts). 

As the permissible values of B and A increase somewhat 
as D is increased, the actual output obtainable from a 
consistent line of small motors or generators is about 
proportional to (D?L)*/?; or if the ratio of L to D is held 
constant, the output in small sizes is roughly proportional 
to D+, 

In passing, it may be noted that the torque Eq (11) 
can be equally well derived as the product of the radius 
by the total peripheral force. The torque is: 


T = (D/2)U1BL) newton-meters (14) 
integrated around the periphery, or: 


T = A,DL v3/2 f cos Pe(B,sin Pé — B,sin P(6+a)}d(De/2) 


0 
rLD° B.A, V2 sin Pa 


1 newton-meters 


which checks with Eq (11). 





The General Equivalent Circuit 


The Generalized Machine 


To reduce time and effort in deriving the performance 
equations of the many different types of rotating electric 
machines, it is desirable to derive first the equations of a 
“primitive” or “generalized” machine that contains the basic 
elements common to all types. Then, we establish methods 
for reducing or transforming these equations to suit the 
various possible types of windings and connections, so 
that the equations for any particular machine can be 
quickly established by these general rules. 

For this purpose, we will base the analysis on the 
primitive a-c machine of Kron, Fig. 7. (2) The magnetic 
structure and windings of the stator are assumed to be 
different along the polar (or “direct’’) axis and the inter- 
polar (or “quadrature”) axis, which are 90 deg apart in 
space. The machine is assumed to be symmetrical about 
each of these axes. There are four coil windings, two in 
each axis of the stator and the rotor. For simplicity, a 
two-pole machine is shown, but the analysis applies equally 
well to any number (P) of pole pairs, if the angle 6 
is measured in electrical degrees, equal to P times the 
mechanical degrees. It is assumed also that the flux 
densities are proportional to the mmfs, so that both can 
be superposed without error; i.e., magnetic saturation is 
neglected in the analysis. However, saturation can be 
taken care of satisfactorily by using different values of 
permeance or inductance, depending on the mmf values 
under particular conditions. 

The stator windings are connected to stationary termi- 
nals, and the rotor windings are connected to slip rings or 
commutator bars in contact with stationary sliding brushes. 
Although three-phase windings are used almost universally, 
the analysis is carried out for a two-phase machine, as 
this permits referring the currents to the D and Q axes 
directly, thus giving equations much simpler than those 
for three-phase machines. After the two-phase perform- 
ance has been determined, it is a simple matter to trans- 
form the results to three-phase, as will be shown below. 

the actual machine, the currents are localized in 

, Or interpolar spaces, and the corresponding air-gap 
distributions are analyzed into fundamental, 2P 
sinuscidal waves and harmonics with multiples of 

2P poles ‘as described previously). For the purposes of 
this analysis, only the fundamental waves are considered, 
and the mmfs are imagined to be due to sinusoidally dis- 
tributed current “sheets.” When necessary, the harmonics 


Fig. 7—D and Q axes of rotating machine. 
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can be allowed for by separate equations and circuits. 

At standstill, a magnetic flux in the direct axis does 
not link the quadrature axis (and vice versa), so that 
the equations for the windings in the two axes can be 
written down independently as in Eq (2); but when rota- 
tion occurs, the flux of each axis cuts the conductors in 
the other axis, producing “speed voltages.” These create 
interrelations between the two sets of equations, making 
their solution far more complex. Kron has proposed formal 
methods for deriving the equations and the corresponding 
equivalent circuits for all types of machines, starting with 
those of the primitive machine. (2) He has also published 
an extensive series of circuits that apply to the various 
types of machines, and has explained their derivations 
by a somewhat intuitive process, relying largely on visuali- 
zation of each case. 

To an engineer, it is all-important that he visualize 
every element of the structure, and the behavior of each, 
at every step in the analysis. By so doing, he knows what 
is important, and what can be omitted or estimated, and 
is enabled to make short cuts safely. In this section, 
therefore, Kron’s procedure will be followed—deriving 
a generalized circuit first, with a one-to-one correspondence 
between each element and its counterpart in the physical 
structure. In the following section, a more formal method 
of deriving the generalized circuit will be given. After 
that, the equations and the reduced circuits for particular 
machines will be derived, and the methods of transforma- 
tion and evaluations that are most useful will be derived 
as needed. 

To develop the equivalent circuit for the generalized 
rotating electric machine, Kron’s “primitive” a-c machine, 
we shall start with Fig. 8, showing four slot-embedded 
coils in one axis of the machine, with two in the rotor 
and two in the stator. The four coils are electrically iso- 
lated, and each is connected to an independent voltage 
supply. Currents /,, J., 7, and J, flow in the coils, due 
to the four impressed voltages E,, E., E, and E,. The 
generalization to more than two coils on each side is 
self-evident. 

The vital step in the analysis is to “see” all the flux 
paths, and their relations to the currents, since the energy 
resides in the magnetic fields in air. Current /, in winding 
1 creates an end-leakage flux around the coil ends, 4,,, 
that links itself only; and a slot-leakage flux, ¢,,, that also 
links winding 1 only. The current in winding 2 likewise 
produces its own end-leakage flux, ¢.,., but the slot-leakage 
flux, ¢,,, that links winding 2 is produced by the sum of 
/, and /,, and this flux links winding 1 as well as winding 
2. The air-gap flux, ¢,,, that crosses the air gap and links 
all four coils, is due to the sum of all four currents. 

The paths of all these fluxes are shown in the figure. 
Each stores magnetic energy in the portion of its path 
that is in air. The currents and fluxes are assumed to be 
sinusoidal in time, to a first approximation, and the air- 
gap flux is assumed to be sinusoidal in space also. The 
space harmonics in the air-gap flux, which form the 
“differential leakage,” are lumped with the slot leakage. 

Each of the four windings has a flux linking it, pro- 
duced in part by its own current and in part by currents 
in the other windings. The flux divides among the various 
paths in inverse ratio to their reluctances, and in propor- 
tion to the impressed mmf, in accord with the same laws 
as those of electric circuits. For calculation purposes, the 
magnetic fluxes may be considered to be analogous to 
electric currents, so that Fig. 8 may be translated into 
the equivalent magnetic circuit of Fig. 9. 


The Magnetic Circuit 
In this circuit, the driving mmfs applied to the flux 
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paths linking the four windings are N,/,, N,l,, N,J, and 
N,1,, respectively, all actual currents being divided by 
their turn ratios to refer them all to the N, turns of wind- 
ing 1. The current in winding 1 is given by the equation: 


KE = (R, a IX], 


I, = E, R, — jXi1,/R; 
= By/R, — j2aflL,L,/R; 
= E,/R; — pNi¢s/R: (16) 


where E, is the voltage applied to winding 1 from an 
external source. 

The N,/, ampere-turns of winding 1 are the resultant 
of an “external” mmf, N,E,/R,, and the “armature re- 
action” mmf, —pN,°¢,/R,. The latter quantity is the 
negative of the reluctance drop produced by the flux 4, 
linking the winding, if it were short-circuited. If the 
resistance R, were zero, the reluctance would be infinite, 
and no flux could enter the winding, as shown by the 
constant flux linkage theorem. (6) Similar equations give 
the mmf and reluctance values for the other three wind- 
ings, as indicated in Fig. 9. Since the sum of all mmfs 
around any closed magnetic path must be equal to the 
applied excitation mmf, the mmf acting on the mutual 
flux path across the air gap is: 


Nilu = Mii + Ip + Is + I) (17) 


where Jy is simply the phasor sum of the four winding 
currents in a particular axis. After flowing through wind- 
ing 1, the path of the flux ¢, divides at A into four 
branches, with reluctances corresponding to the coil end 
leakage, ¢,,; the slot self leakage, ¢,,; the mutual slot 
leakage, ¢.,,; and the air gap, or mutual flux, 4,. The flux 
in each path is equal to the mmf divided by the reluc- 
tance: 


= Nil/R (18) 
Also, since L = N,¢/I, the reluctance is: 
R = N}/L (19) 


where L is the inductance due to the flux path under con- 
sideration. 

The input to the magnetic circuit is current times flux, 
or energy, which is power divided by frequency: 


W =N,Il¢ = IE/p = IE/j2xf (20) 


This is the energy stored in the various magnetic flux 
paths, whose space derivatives give the forces and torques. 


The Dual Electric Circuit 


Despite its closeness to the physical realities, the mag- 
netic circuit of Fig. 9 is not widely useful, as it deals 
with flux values that cannot be measured directly, and it 
does not include the external electric circuits on which 
system behavior depends. Therefore, it is desirable to con- 
vert this magnetic circuit into its dual, the more familiar 
and useful equivalent electric circuit. To do this, we note 
that every flux induces a proportional voltage, and every 
mmf is proportional to an electric current. Fluxes pro- 
duced by the same mmf, and therefore flowing in parallel 
branches of the magnetic circuit, induce voltages in the 
same winding, which are therefore in series electrically. 

The equation relating the five series mmfs of the outer- 
most magnetic path in Fig. 9 is: 


Mi + Iz — Im + 1; + 1) = 0 (21) 


When divided by N,, this becomes the current equation 
for an electric circuit with five parallel branches, as in 
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Fig. 10. Likewise, the equation relating the fluxes leaving 
any junction such as B, Fig. 9, 


oi — Otc — Os + Pr — @ = 0 (22 


e. = coil-end leakage flux = slot leakage flux 


$., air-gap (mutual) flux 
Fig. 8—Magnetic flux paths in one axis of a four-winding 
machine. 
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Fig. 9—Equivalent magnetic circuit for one axis of a four- 
winding machine. 
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Fig. 10—Equivalent electric circuit for one axis of four- 
winding machine. 
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Fig. 11-——D and Q-axis circuits for four-winding machine at 
standstill. 


when multiplied by pN,, becomes the voltage equation of 
a corresponding mesh circuit, B, in Fig. 10. 

Substituting the appropriate voltage for each of the pd 
values, we obtain for the B mesh the voltage equation: 


(E, — 1iRy) — Exe — Eve + Exe — (Ez — TR) = 0 (23) 


since pN,¢,, the total induced voltage due to ¢,, is equal 
and opposite to the net impressed voltage, E, — R,/,. 

Also, the mmf or current of branch AB in Fig. 9, when 
multiplied by R, and transposed, becomes: 


BE, - Ril, 5 PNidi ms Riu, + PN, (die + dis + Gr + om) (24) 


which is the voltage equation of the combined B and C 
meshes of Fig. 10. The ¢,, branch of Fig. 9, being acted 
on by the sum of the mmfs of windings 1 and 2, carries 
the sum of /, and /, in Fig. 10. 

Figure 10 is fully equivalent to Fig. 9. Each of the 
elements in either circuit has a one-to-one physical cor- 
respondence with an element of the machine structure. 
The electric circuit is more useful, however, as it deals 
with readily measured volts and amperes, and it can be 
extended to include the circuits of external generating 
sources and loads. 


D- and @-Axis Circuits 


So far, we have considered only one axis of the ma- 
chine. The generalized machine is symmetrical about two 
dissimilar space axes 90 electrical degrees apart (Fig. 7). 
In a salient pole machine, the magnetizing reactance of 
the direct axis, in line with the center of the pole, will 
be high; and that along the quadrature axis, 90 deg away, 
will be low. In an induction machine with a distributed 
winding, the two axes will be alike. Figure 11 represents 
both the direct and quadrature axes, shown one above the 
other with a common impedanceless branch. 

There is no interchange between the currents of the 
two axes (with the rotor stationary) in this combined 
circuit, as there is no interaction between the axes at 
standstill—so long as the windings are symmetrical about 
each axis. Figure 11 is therefore adequate when the ma- 
chine is stationary. When rotation occurs, however, the 
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conductors of each axis cut the flux of the other axis, 
producing “speed voltages” which alter the currents in 
each axis and make them interdependent. 

The reason the D and Q axes are interdependent is 
that their voltages have the same frequency. For two 
electrical circuits to be independent, even though they are 
linked by the same flux, their voltages must be sinusoidal 
in time and have different frequencies. In this case, vol- 
tages induced in one of the circuits by fluxes produced 
by the other’s current will have no average effect on its 
current, since 


as 
f si ms sinnrdr = 0 
e 0 


Cireuit Representation of the Rotating 
Field 


The logical choices for the new reference axes are the 
synchronously rotating forward and backward field axes, 
since an alternating-current wave referred to stationary 
axes can be replaced by two constant-magnitude current 
waves rotating in opposite directions at synchronous 
speed. Thus, if J; is the rms value of the D-axis stator 
current, and taking @ = 0 at the direct axis: 


V2 J, cos P@ cos wt =CU4/ V 2){cos(P6—wt) + cos(Pé@ + wl)| 


or 
la=U,+h)/v2 (25) 


where J, and /, are the constant (in time) forward and 
backward field currents. The denominator of Eq (25) 


is \/2 rather than 2, because we need to preserve the 
same energy values when we change the reference axes. 
The rms value of J, is 1/\/2 times its maximum, because 
it alternates in time; but the rms values of J; and J, are 
the same as their peaks, since they are unchanging in time. 
The reference axes for both J, and J, are taken along the 
stator D-axis at the instant that J, is a maximum. Figure 
7 shows the relations between the different axes, and the 
sign conventions adopted. 
Similarly, in the Q axis: 


V¥2/, sin Pésin wt = — (I,/ V2)[cos(P@ — wt) — cos(Pe + w)) 
or 
I, = —jUs— b)/V2- (26) 


The —j appears in Eq (26) since we have taken the 
D axis as the reference for J; and J,, and the Q axis is 
displaced 90 deg ahead of this. From Eqs (25) and (26), 
we find the rotating field currents and (by analogy) 
the voltages, to be: 


Ij =Uetjl)/V2 tb =Ua—Jjl)/V2 (27) 


E; =(Ei+JjE,)/ V2, Ey = (Ea —JjE)/v2 (28) 
These last equations show that the f and b quantities are 
the sums and differences of the d and j times the g 
quantities, indicating that we can obtain the desired f and 
b circuits by superposing the D and Q circuits. Figure 12 
indicates the procedure. To form the first terms of Eq 
(28), we draw two D-axis circuits one above the other 
with a common impedanceless branch at (a), and impress 
on each of these the voltage E,/\/2 in the upward direc- 
tion. To form the second terms, we draw two Q-axis 
circuits in the same way at (b), but we impress the 
voltage jE,/\/2 upwards on the upper circuit and down- 
wards on the lower circuit, in accordance with the signs 
of the second terms in Eq (28). Before these two pairs 
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of circuits can be combined, we need to make the imped- 
ances (Z,) the same in the upper and lower branches, 
which carry D- and Q-axis current; and transfer the dif- 
ference between Z, and Z, to the common return branch, 
which carries only Q-axis currents. This brings (Z, — Z,)/2 
into the common branch of the Q-axis circuits, since it 
carries twice as much current as the other branches. 
Superposing the two pairs of circuits gives the combined 
circuit (c) in Fig. 12, the currents and voltages of which 
agree with Eqs (27) and (28). The derivation is carried 
through in equation form in this way: 


Ea = (E; + Ey)/ WV 2 =1aZa = Za + ‘th)/ wv 2 (29) 
and 


E, = —j(E; — E)/V 2 = 1pZ, = -—jZ(1; —I)/V2 (30) 


so that 


ky, + Ey om Za; + Ts) and Ey —-k= ZAL 3 “ Ih) 


and 


Ey = (Za + Z)1 7/2 + (Za — Z)Ie/2 (32) 


Ey = (Za — Ze)1;/2 + (Za + Ze)Io/2 (33) 


[he terms in the last two equations can be regrouped 
to separate the self and mutual impedances, when they 
are seen to agree exactly with the circuit equations of 
Fig. 12(c): 


E; = Zalys + ((Z, — Za)/2)\U; — Ib) (34) 
Ey = Zaly — ((Z, — Za)/2)\Us — Tn) (35) 


When Fig. 12(c) is expanded by replacing Z, and Z, 
by their components and showing all four windings instead 
of only two, we obtain Fig. 13, which is the correct 
rotating-fields equivalent circuit for the generalized four- 
winding machine at standstill. By symmetry, the dif- 
ferences between the separate winding impedances in each 
vertical branch are placed in a branch leading off from 
its midpoint. Also, the differences in the horizontal branch 
impedances are placed in the common branches into which 
these are connected. The circuit of Fig. 13 is in all respects 
equivalent to the D- and Q-axis circuit of Fig. 11, but 
it has the advantage that it can be modified readily to 
give correct performance at all speeds. 

If we had taken the Q-axis as the reference instead of 
the D-axis, Z, instead of Z; would have appeared in all 


Backward 
oxes, 
b 


Fig. 12—Transition from D and Q to f and b axes: (a) direct 
axes, (b) quadrature axes, (c) superposed axes. 
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Fig. 13—Rotating-field circuit for a four-winding machine at 
standstill. 


the horizontal branches, and the signs of E, and /, would 
have been reversed. 


Effect of Rotation 


The speed of rotation of the forward and backward 
fields with respect to the stator is +60f/P, so that the 
“speed” voltages induced in the stator (as well as the 
transformer voltages) are proportional to f. The resistances 
are independent of frequency and the reactances are pro- 
portional to it, neglecting skin effect. Let: 


F, = normal frequency, at which the reactances, X, have 
been calculated 

F = per unit frequency, or ratio of the actual frequency, f, 
in a particular winding to F, 


Then, any circuit equation at normal frequency, F,, 
E =(R+jX)I 

becomes, at the per-unit frequency F, 
E =(R+ jFX)I 


Since we wish to make all calculations at normal fre- 
quency, all reactances must appear as jX, and the circuit 
equations become: 


E/F = ((R/F) + jXV (38) 


Thus, in the stator branches of the equivalent circuit, all 
voltages and all resistances must be divided by F. This 
will make the circuit valid for any impressed frequency 
and for direct current. 

When the rotor turns forward at its per unit speed v 
(actual speed is 60 fv/P), its speed relative to the forward 
field is (F — v) backward, and relative to the backward 
field is (F + v) forward. Hence, the rotor impressed 
voltages and resistance must be divided by (F — v) in all 
the forward-field circuits, and by (F + v) in all the back- 
ward-field circuits. When these changes are made, the 
circuit of Fig. 13 becomes that of Fig. 14, which is the 
object of our search. This is the equivalent circuit of the 
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ri. 14—Rotating-field circuit for a four-winding machine at 
speed 


generalized a-c electric machine, from which the circuits 
of all usual types of machines can be derived by appropri- 
ate omissions and reconnections. 


Terque Equations 


The total undirectional torque of the machine is given 
by the sum of the products for the backward and forward 
fields of flux-induced voltages by total current: 


T = real part of J,,;*E,; + In*E,» synchronous wattst (39) 


where /,,, and J, are the currents in the several windings, 
and E,, and E,,, are the rotating-field voltages measured 
on the equivalent circuit across the secondary “terminals” 
inside the resistances, as indicated in Fig. 14. (The back- 
ward-field watts come out with a negative sign.) The 
term “synchronous watts” means the power corresponding 
to the torque, if delivered at synchronous speed. 

It is sufficient to measure the power in the f and b 
meshes that are closest to the air gap by multiplying the 
sum of all the currents in each field by the air-gap voltage 
of that field. When there are no impressed secondary 
voltages (E,, = E,, = E,; = Ey, = 0), Eq (39) reduces 
to: 


ys == I;7R 
synchronous 
watts 


(F —_ v) i IP Ry /(F — v) _ 
Ty?Rx/(F + 0) — [e?Re/(F + 0) (40) 


There are also alternating torques, due to the interaction 
of the forward-field flux and the backward-field currents 
(and vice versa). These are given by: 


Note: 1* is the conjugate of the phasor /. If J c+ id, I* =c — id. 
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T'4 = Thy -}- LE; (41) 


The frequency of these torques is 2F, since they are due 
to a flux moving at a speed F interacting with a current 
moving at a speed —F. If there are no secondary im- 
pressed voltages, Eq (41) reduces to: 


Ta = IssIu[Rsay/(F — v) — Rv/(F + 0)] + 
IyTalRis/(F — v) — Ra/(F + v)) (42) 


If secondary voltages are impressed which have different 
frequencies from those induced, the entire circuit must 
be solved twice independently: once with the stator volt- 
ages applied and the rotor closed through the impedance 
of the secondary supply circuit, and again with the rotor 
voltages impressed and the stator closed through the 
impedance of the stator supply circuit. The two sets of 
currents and voltages act independently of each other, 
except for heating and saturation effects and the presence 
of alternating torques due to the independent fields slipping 
by each other (as in a synchronous machine that is “out 
of step”). 


Limitations of the General Equivalent 
Circuit 

The circuit assumes that a current in either D or Q 
axis does not create any flux linking the other axis; i.e., 
the two sets of windings are 90 deg apart in space. If 
the angle is not 90 deg (as in the case of a shaded-pole 
motor), Kron’s device of a “phase shifter” may be intro- 
duced, or the use of equations to supplement the circuit 
may be resorted to. 

The circuit shown in Fig. 14 assumes also that the 
rotor D and Q axes are alike, although the stator D and 
Q axes are dissimilar (or vice versa). This is because, 
if both rotor and stator have dissimilar axes, there will 
be resistances in the rotor midpoint connections which 
carry both /; and /, currents; that is, when v is not zero, 
they carry currents of two different frequencies. These 
dual currents will give rise to additional frequencies in both 
rotor and stator, which require additional circuits for 
their representation and more complex rules for their 
calculation. This condition arises in the case of a salient- 
pole synchronous machine with unbalanced voltages or 
stator windings. These more complex cases will not be 
considered here. 

Even though Z, and Z, in the rotor are assumed to be 
the same, the rotor values of Z; and Z, at speed may be 
quite different, due to “skin effects” caused by the different 
frequencies of the f and b fields. The circuit allows these 
differences to be included. 

An induced voltage in the circuit represents a magnetic 
flux in the machine (volts/frequency gives flux) rather 
than the actual voltage. However, a current in the circuit 
corresponds directly to an actual current. Hence, a “power” 
in the circuit (volts/F times amperes) corresponds to a 
“torque” in the machine (flux times current). The cir- 
cuit gives true currents, torques, power factors, etc., but 
its voltages must be multiplied by the denominators of 
the resistance elements [F, (F — v), and (F + v)] to 
give actual values. 

The forward- and backward-field values given by the 
circuit can be converted to D- and Q-axis values by 
Eqs (25) and (26). For two-phase machines, the D and 
QO values are the actual phase values also. For windings 
with three or more phases, the transformation to actual 
phase values is carried out by a similar procedure (known 
as the symmetrical components resolution), as described 
below. 

The circuit is valid for steady-state conditions, and also 
as a basis for the perturbation equations for small oscilla- 
tions. In the simpler circuits, where the number ef loops 
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is the same as the number of original circuit equations, 
the circuit gives the transient performance equations at 
constant speed if the per-unit frequency, F, is replaced 


by —jp, where p = d/w dt. This is not true for circuits 
such as Fig. 14, where there are different loops for the 
components of a single current. 


Transformations of Reference Axes 


The Purposes of Transformations 


The equations of a rotating machine referred to sta- 
tionary axes usually are non linear, because the reactance 
of a coil pulsates between X, and X, as it passes by the 
D and @Q axes. Also, when both forward and backward 
fields exist (as in single-phase and unbalanced-polyphase 
machines), the currents on one side of the air gap include 
components of two different frequencies [(F — v) and 
(F + v)] for which the circuit impedance is not the same. 
To get around these difficulties, it is necessary to transform 
the equations to different reference axes. The most im- 
portant example of this is the D-Q axis transformation, 
which refers some of the equations to axes fixed with 
respect to the salient poles, thus making the reactances 
constant and the equations linear. The symmetrical com- 
ponents transformation resolves the currents into com- 
ponents that each have a single frequency, thus enabling 
each component to flow in a separate circuit with the 
correct impedance. A third important transformation is 
that from two to three (or from three to two) phases, 
which simplifies the analysis of salient-pole machines by 
permitting the use of the D- and Q-axis equations. 

In making these transformations, we need to keep the 
total power the same. (3) For example, in changing from 
two phases to q phases, the power per phase changes from 
¥2 to 1/q. Similar transformation equations apply to both 
current and voltage, so that in general the change from 
two to q phases changes both currents and voltages in 
the ratio \/2/q. 


Symmetrical Components 


The “symmetrical components” of a system of polyphase 
currents are found by resolving each phase current into 
forward- and backward-revolving components by using 
Eq (25), combining the forward components of all phases 
by phasor addition into a single “forward sequence” cur- 
rent, and likewise combining all the backward components 


‘ 


into a single “backward sequence” current. If the sum 
of all the polyphase currents is not zero, there will be a 
“zero sequence” component of current also. (7) 

The 2q successive phase belts of a g-phase machine 
are displaced 180/q deg in space, and their currents (when 
balanced) are also 180/q deg apart in time phase. Their 
contributions to the forward-sequence current are found 
by rotating their phasor-current values through angles of 
180/q, 360/q, and 540/q deg, etc., and by phasor addition. 
Similarly, the backward-sequence current is found by 
rotating the currents of successive phases through —180/q, 
—360/q and —540/q deg, etc., and adding. Normally, 
the phasor sum of all the phase currents is zero; but if 
there is a neutral connection or a ground fault, their sum 
may not be zero, and there will be a zero sequence current, 
!,, in addition to the forward and backward currents, /, 
and /,. These three “symmetrical components” of the 
currents in a three-phase machine are, therefore: 


Ty = Q/V 3)Ua + ale + alc) (43) 
I, = (1/ V3)Ua + lp + alc) (44) 
Ip = (/V3)Ua + Is + Ic) (45) 


where a = (1 + j\/3)/2, a? = (1 —j\/3)/2 and a = 1. 
The inverse transformations are: 


In = Q/V3)U; + Ly + I) (46) 
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Ip = (1/ V 3)(@*I; + aly + Io) (47) 
Ic = (1/ V 3)(aly + aly + Ie) (48) 


‘The factor 1/\/3 enters the equations to keep the total 
power the same before and after the transformation, or 
“invariant,” as stated above. In general, for a q-phase 
machine, the factor is 1/\/q. 

Since J, is the same in all phases, and the sum of three 
equal phasors 120 deg apart is zero, the zero-sequence 
current cannot produce any fundamental field, so it does 
not contribute to the torque. It can produce fields with 
3, 9, etc., times the fundamental number of poles, and 
thus causes losses. Its reactance drop is important in 
calculating ground fault currents, but it can be neglected 
in normal machine operation. The impedances are the 
same in per unit terms, whatever the number of phases. 


Three-Phase to Two-Phase 
Transformations 

The power invariant transformations from three phases 
(A, B and C) to two phases (a and £8) and the inverse 


are, from Fig. 15 (assuming that the A and @ axes coin- 
cide) : 


a = V 2/34 — Ip/2 — Ic/2) (49) 
Ig = — (1/V 2) 2 — Ic) (50) 


Ip = (1/ V 3)Ia + In + Ic) 


In = V273I.+ V 1/316 
Ip = (WV 2/3 — In/2 — V3 Ip/2) + V 1/310 
Io = (V 2/3) — 1,/2 + V31s/2) + V1/31e (54) 


The corresponding voltage equations are the same, if 
we put E in place of 7 throughout. The total power on 
two-phase is 2//*R, which is the same as that on three- 
phase (3/,/,*R), since the current ratio is 1,/1 = /%, 
and the per-unit impedance is the same for two as for 
three phases. 

The @ and £ axes can be taken as the D and Q rotor 
axes if desired. It is usually desirable to keep these two 
sets of axes independent for freedom in analysis. If the 


8 


c 


Fig. 15—Relations between two- and three-phase quantities. 
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Fig. 16—Relations between (fixed) D and QO axes and (moving) 
a and 8 axes. 


a and § axes are displaced @ degrees ahead of the D and Q 
axes (Fig. 16), the transformations that leave the power 
invariant are: 


I, = Ia.cos 6 + I, sin ¢@ 


Hes 


I; = — Iasin@ + I, cos 6 
I, = I, cos@ — Ig sin @ 


I, = I, sin 6 + I cos @ 


Matrix Transformations 


Matrix algebra provides a shorthand method of writing 
equations in several variables, and of carrying through 
the operations of transforming to different variables and 
solving simultaneous equations. It is, therefore, extremely 
useful in performing all the mathematical operations re- 
quired in the “Dynamic Circuit Theory” that is required 








Fig. 18—Three-coil final network. 
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for the general analysis of rotating machines and power 
systems. (4, 8) 

In the preceding, we developed the general equations 
and equivalent circuits by somewhat intuitive methods, 
relying on a clear visualization of the machine for guid- 
ance. We will now follow through with a more orderly 
procedure, first developed by Kron. This consists of five 
steps: 


1. Establishing the “primitive” machine, in which all its n 
circuits are closed independently. 

2. Writing down the voltage-current equations for all the 
n circuits, including all mutual inductance terms, and so estab- 
lishing the “impedance matrix” (z;) of the machine. This may 
be done by applying Kirchhoff’s laws directly. 

3. Making the desired connections and writing down the 
relations between the currents in the original n circuits and 
those in the circuits of the particular machine in the form 
of a “connection matrix,” C. 

4. Writing down the corresponding inverse relation between 
the voltages in the new circuit and those in the original in the 
form of the conjugate of the transpose (C:*)t of the connec- 
tion matrix. 

5. Performing the multiplications indicated by the equation 
Z = C,* + z°* C, thus obtaining the new impedance matrix 
for the particular machine. 


The inverse voltage change is different from that of 
the currents, because the power is the same before and 
after the reconnection (in a series connection the currents 
are the same, but the voltages add). For example, if three 
coils (Fig. 17) with currents i,, i,, i, are connected to 
form only two loops (Fig. 18) with currents 7, and /., 
the current equation is i = C + I, or: 


and the corresponding inverse voltage equation is E = B+ e, 


or: 


The transpose of a matrix is formed by interchanging the rows and columns 
Thus, if 


, then ©; 


i 
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Since the power is the same, we have: 
éu* + €2l2* + 313" = E,l,* + E.I.* 
or 


e(Cyl; ede)* + ee(Cat: + Coode)* + es(Cadi + Cyede)* = 


(Bue: + Byes + Bises)I* + (Baer + Borer + Beses)I2* 

Since this equation must be true for all values of e and i, 
the coefficients of like terms must be equal, giving: 

Cyi* = Bu, 

Co2* = Bu, 


Cyx* = By, Cu* = By 
Cu* = By, Cyo* = Be (58) 
which proves that B must be the conjugate of the transpose 
of C, as stated. 

To find the new impedance matrix, we have: 


E =C,*°e = C,*zi = C,*zCl = ZI (59) 


so that the new Z is equal to C,* + z+ C, as stated 
previously. 

As a simple example, we will carry through the develop- 
ment of the equivalent circuit for the three coils of Fig. 17 
when reconnected as in Fig. 18. The current-voltage 
relation for coil 1 is: 


e: = (Ri + pLladis + pli: + &) + pli + is) (60) 


where the L values are the self and mutual inductances 
of coil 1. The other coils have similar equations, so the 
“primitive” impedance matrix is given by e zi: 


Ri + pli pl, pL 


plo R. + pL pL 


pla PL» 


If now we: (1) connect the coils as in Fig. 18, with 
Nos. 2 and 3 in parallel and the two in series with No. 1, 
and (2) if we choose the new currents to be /, = i, and 
i, = i, so that t I, — 1,, the current equation is: 


and the inverse voltage equation is: 


T= C,*-e 
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giving E, e, + e,; and E, = e, — e,. The reversal of 
sign of e, in the E, equation means that we have reversed 
the direction of i, with respect to i, (as shown in Fig. 18) 
by the connection of the start of coil 3 to the start of coil 
2, but to the finish of coil 1. This requires that we reverse 
the sign of the mutual inductance terms L., and L,, in the 
impedance matrix. With this change, the multiplication 
z*C gives: 


Next, the multiplication C, + z + C gives: 


P(LytLiatLy3-Loas) | 


PiLy3tLi3%Lo3 -Ly2) 


. 19—Equivalent circuit of the three-coil network in 
re. 





lhis gives for the equations of the new circuit: 


2 [Ri + p(n + Lin + Las — Les) + 
[Rs + p(Las + Lis + Ln — Li) (i — J) 


Ey [Re + pL: + Ln + Ls — Lis) 2 + 
[Rs + pla + Ls + Ls — Li2)|CU2 — I) 


which represents the equivalent circuit of Fig. 19. It 
should be noted that all these impedance matrices are 
symmetrical about the main diagonal, as the mutual in- 
ductances are the same in both directions: L,, = L,,, etc. 


Impedance Matrix of the Generalized 
Machine 


The four coils of the generalized “primitive” machine, 
Fig. 7, with one coil in each axis of the stator and the 
rotor, have the impedance matrix: 


Ria + 
pLaa 


DE te m Plas 


Rog 


PLmag | PLmos pLss 


To simplify matters, we will assume: the rotor to be 
symmetrical, so that Rog = R.g and Ly, = 0; all fluxes 
to be sinusoidal in time and space; the stator voltages to 
have a single frequency, f; and the impressed rotor voltages 
to be zero. The a and £8 axes of the rotor are assumed to 
be ahead of the D and Q stator axes by an angle 
§ = vt = (1 — s)ot radians, where v is the rotor speed 
in electrical radians per second and s is the per-unit slip 
below synchronous speed. Loq and Lgg are the total in- 
ductances of the rotor windings in the a and £ axes, which 
vary with @ as the rotor turns, if the stator D and Q axes 
are not alike. From Fig. 7, these inductances are 


+ Laacos?? + L»gsin?é (68) 
lo + L,nesin?@ + L_gcosé (69) 


Las = —L,acos 6 sin 6 + L,,,sin 6 cos @ (70) 


— Alsin @ cos 6 


where /, is the leakage inductance of the rotor winding 
due to flux that does not cross the air gap, assumed to 
be the same for the a and £ axes, and AL = Lig — Ling. 
The sine and cosine factors enter as the square because 
the flux in the D axis per ampere in the a axis varies as 
the cosine, and the voltage induced in the a axis by a 
D-axis flux also varies as the cosine. The mutual in- 
ductances between the stator and rotor axes are, from 


Fig. 7: 
} (71) 


Making all these substitutions in Eq (67), the impedance 
matrix becomes: 


Linda = Lmacos 8, Linas = — Lmasin 0 


Linea = Limgsin 0, Limos = Lm_cos 6 
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PLmacos @ | — pLmasin 8 | 


Ria + pLaa 


| 
| 


0 + pliog | pL mesin 0 PL mqc0s 8 
|———_—_—_|_—_______| (72 
R, + ple + | — pALsin 6 
| Lmacos?6 + | cos 6 
Lmesin’9) | 
—pAlLsiné | R, + p(i 4+ 
PL mqglos 6 cos 6| Legsin’?? + 
Lmgl08"8) 


} 


PL macos 6 smgsin 6 


— pL asin 0 


To solve these equations and to derive their equivalent 
circuit, we need to refer them all to the D and Q axes, 
since this will eliminate the varying reactance terms due 
to AL. (If a machine is asymmetric on both sides of the 
air gap, these varying terms cannot be eliminated, and 
they give rise to an infinite series of terms with suc- 
cessively higher frequencies. ) 

When we transform equations to a new set of reference 
axes, we keep the same number of currents and voltages, 
so the transformation matrix must be square. This, to- 
gether with the rule that the power is invariant, requires 
that the transformation matrix have a form such that: 


C-C,* = the unit matrix (73) 


For example, in the case of the symmetrical component 
transformation, Eqs (43-48), the product C + C,* is: 


since a* = a’, a** = a anda = 1. 

Equation (55) gives the relations between the a, £, 
D and Q axes, so that the transformation matrix for the 
desired change is: 


| —sin 0 
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As a check, we note that C +> C; = 1. 
The first step in making the transformation is to 
multiply z + C: 


d, qi d, 
pL, 


Ry, + 
pliaq | 


[Ro + p( 4 [Ro + p(lr 
me L,gcos’é + Lgcos’é + (76) 
sin @ Limosin*6)| Lem qsin?@)| 
cos 6 + pAL sin 6 pal 
sin’ cos @ sin 6 cos’é 


pl 


[Fe t Pls | F, T PCy t 
Dine masin’@ Lnasin’é 4 
cos @ + Dmgcos*6)] Lem gcos?)) 
sin@ — pAL cos @ — pal 

sin # cos*0é sin’%cosé@ | 


At this point we need to recognize that p = d/dt, so that 
each of the terms containing p as a factor is actually 
two terms, one due to changing flux linkages with fixed 
current as the rotor turns, and the other due to changing 
linkages at a fixed rotor position as the current changes. 
For example: 


pL, qos 6 = (d, d!)(L, acs 6) — 0h masin 8 + Lagos 6p (77) 


Carrying this procedure through for all the terms in 
Eq (76) gives: 


LiggP 


(lz + Lma) (ls + Ling) 
(cos ép (sin @p 4 
v sin @) » cos @) 

Rocos 6 Rosin 6 


L»,alOs Op f, sin Op 
vb nd + vL ing 
sin 6 cos 6 


—(le + La) | (le + Lng) 

(sin 6p + (cos 6p 

v cos 6) — v sin @) 
R.sin 6 Rocos 6 


|— Lmasin 0p} L»gcos 6p 
ULimd — ULimg 
cos 6 sin 6 


Fig. 20—Cross-field equivalent circuit of generalized machine. 
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The final step in deriving the new impedance matrix 
is to multiply this by C,, giving Z = C,*+z*C: 


7 2d 2q 


These are the well known D-Q axis equations for the 
generalized machine, with salient stator poles and a sym- 
metrical rotor. Reading from left to right in the rotor 
D-axis equation, the first and third terms give the trans- 
former voltage due to D-axis flux, and the second and 
fourth terms give the speed voltage due to Q-axis flux. 
The terms containing v are “joint energy” terms, or 
“motional inductances.” 

Under steady-state conditions, the applied voltages are 
sinusoidal with frequency f in the stator, and the speed 
is constant, so that we may replace p by jw and v by 
(1 — s)@. Since joL is a reactance, we can replace all the 
L’s by X’s. The impedance matrix then becomes: 


ly 2d 2q 


80) 


R; 4 
I(X2 4+ 
Kono) 


dl 
Xa) 


Equivalent Circuits 

These are the equations of the “cross-field theory,” 
which represents the current and voltage relations in the 
D- and Q-axis circuits, and which considers all currents 
to flow in the stator at full frequency, ignoring the actual 
frequencies of the rotor currents. To derive an equivalent 
circuit for Eq (80), we must rearrange the equations to 
include only self and mutual impedances. To do this, we 
multiply the e,, equation by j(1 — s) and add it to the 
€og equation: 


qd 


€2a + J(1 — sex = 
J{L—C.—s)*[Xmatia +(X2 +-_Xma) lea] + Reieg tj —s)Reizg (81) 


Similarly, we multiply the e,; equation by (1 s) 


and add j times the e,,, equation to it: 


¢| _ S)eea + Je2q = 


—[l —(1—s)?][Xmgiig + (Xe T X mq) i2q] +jReta+(1 —s)Relea (82) 


Dividing both equations by 1 — (1 — s)? = s(2 — s), 
and regrouping the resistance terms, we find: 
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C24 + JQ = $)€29 
s(2 — s) 
Xmatra ti At Amaleat Retea/s — 


Ces isa line) (83) 


ql — S)éxa + Jer “4 
s(2 — s) 


1 —s)R 
Xnsiie—(Xo-t+-Xens)ing t-jRaing/t +o sits 


s(2 — 5) (ie Jz) (84) 


These equations represent the equivalent circuit of 
Fig. 20. The fact that the denominator of the resistance 
in the midpoint connection is s(2 — s) shows that the 
actual rotor currents have two frequencies: s and 2 — s. 
Therefore, the circuit cannot be accurate for a machine 
with a double cage or deep bar rotor, as the skin effect 
makes the rotor bar resistance very different at the two 
frequencies, while the circuit provides for a single resist- 
ance value only. The impressed rotor voltages, e.g and e,,, 
must have the frequencies sf and/or (2 — s)f if applied 
to the rotor slip rings, if they are to give useful torque. 

In deriving the circuit, we chose counterclockwise ro- 
tation, and the Q axis ahead of the D axis (Fig. 7). This 
gave a negative sign to the midpoint resistance term and 
made the rotor-branch resistance R./s. With clockwise 
rotation, the midpoint resistance becomes positive, and 
the rotor-branch resistance is R,/(2 — s). The effect of 
a change in the direction of rotation is merely to sub- 
stitute (2 — s) for s. For forward rotation and balanced 
voltages in Fig. 20, we must have je,, = @€,q; in which 
case (with a symmetrical stator) ji,, = i,g, the current 
in the midpoint connection becomes zero, and the four 
meshes collapse into two, with impressed voltages 2e,, 
and 2e.,/s. 

To obtain an equivalent circuit for the revolving field 
theory, which correctly allows for rotor skin effect, we 
need to transform all the D- and Q-axis equations to two 
sets of axes that rotate forward and backward at synchron- 
ous speed with respect to the stator. From Eqs (25) and 
(26), the transformation matrix for making this change is: 


and the conjugate of the transpose of this is: 


(86) 


From Eqs (80) and (85), multiplying z + C: 


Po are, 
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(Xme —l(Xne t+] (CX, 


sie? et 
(88) 


These equations yield the equivalent circuit of Fig. 21, 
which is the same as Fig. 14 previously found. The 
appearance of the factors s and 2 — s in the rotor f and 
b reactance terms shows that the actual rotor frequencies 
are sf and (2 — s)f, so that to refer these equations to 
full frequency, they are divided by s and 2 — s, re- 
spectively. 

The usual induction machine has a distributed stator 
winding with uniform air gap, so that X,,g = Xm. Making 
this change simplifies the circuit considerably. 

Summing up, we have derived the basic equations for 
the generalized machine with salient stator poles and 


Fig. 21- 
chine. 


Rotating-field equivalent circuit of generalized ma- 
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and 21, respectively. By appropriate modifications, these 
equations and circuits will give the equations and circuits 
for all usual specific types of machines. 


symmetrical rotor by the cross field theory, Eq (80), 
and by the rotating field theory, Eq (88); and we have 
developed the corresponding equivalent circuits, Figs. 20 


Single-Phase Induction Machines 


Capaciter Motor 


The normal single-phase induction motor has a sym- 
metrical rotor with a short-circuited squirrel-cage winding, 
Fig. 4. It has the same voltage impressed on both the 
direct- and quadrature-axis windings of the stator. The 
quadrature-axis (auxiliary) winding, A, has a times as 
many turns as the winding in the direct axis. The machine 
has a small air gap, the same in both axes, and has the 
stator windings distributed in many slots. Therefore, in 
the equivalent circuit of Fig. 14, we have: 


Exa = E, Eq = E/a, Esa = Ex = 0 
Xma = Xmq = Xu, Rea = Reg = © (89) 
Ziq = (1/a?)(Ria + Re + jXia + JX), 


where Ry + jXg is the external impedance (of the capaci- 
tor) in the circuit of the auxiliary winding (X, for a 
capacitor is negative). Since there is only one stator 
winding, we will use the subscript 2 instead of 3 to indi- 
cate the secondary winding. 

In all the equations and circuits so far considered, we 
have assumed an external voltage to be impressed on each 
winding, both stator and rotor, and we have taken the 
direction of current in each mesh to be the same as that 
of its impressed voltage. In the case of a squirrel-cage 
winding, and in most of the cases to be considered, there 
are no external rotor impressed voltages. Under these 
conditions, it is appropriate to assume the secondary- 
current directions to be the same as those produced by 
the impressed primary voltages. For this reason, in this 
and in most of the succeeding equations and circuits, the 
signs of secondary currents are the opposite of those hereto- 
fore assumed. 

The actual current in the auxiliary winding must be 
referred to the main-winding turns, and so appears as 
al, in the circuit. We will consider operation at normal 
frequency only, so F = 1 and v becomes 1 — s, where s 
is the per-unit slip. When all these values are placed in 
the equivalent circuit of Fig. 14, the circuit of the capacitor 
motor is obtained. However, there is one peculiarity of 
this motor that must be taken into account also. The 
forward direction of rotation of the capacitor motor is 
from the Q toward the D axis, contrary to the basic 
assumption made in deriving the circuit that rotation from 
D to Q is positive. In the capacitor motor, the current in 
the A winding (Q axis), being in series with a capacitor, 
necessarily leads the main-winding current in time phase. 
Therefore, the larger of the two rotating fields turns from 
Q toward D, and this is the direction the motor will turn. 
In consequence, we should make the further change of 
reversing the signs of Q-axis voltages and currents. The 
final result is shown in Fig. 22, which is the rotating-field 
circuit of the capacitor motor. 

To determine the performance of any motor, the values 
of all the impedances are calculated or are obtained from 
tests on similar machines, values of the capacitor and 
turn ratio are selected, and all these are inserted in the 
circuit. Then, the applied voltage, E, and a value of slip, s, 
are selected, and the circuit equations are solved just as 
for any static network. The procedure is repeated for as 
many values of s as are needed to cover the desired range 
of operation. 

It will be found that for a fixed capacitor value, the 
starting torque will be low, or else the current at full 
speed will be too high. Therefore, most capacitor motors 


XMA = aXy 
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have a centrifugal switch or a relay which opens the 
starting capacitor circuit at a set speed, and the motor 
runs at speed with a smaller capacitor, or with the auxili- 
ary winding open. The starting capacitor is chosen to 
given the desired locked-rotor torque and current, and 
the running capacitor (if used) is chosen to give the 
desired breakdown torque or to reduce the backward field 
to nearly zero at about full load. 


Split-Phase Motors 


For low cost in sizes below 12 horsepower, resistance- 
split phase induction motors are used. These are single- 
phase machines like the capacitor motor, except that the 
auxiliary winding has high resistance and is opened by a 
centrifugal switch or relay when the motor comes up to 
speed. The rotation is in the same direction as for the 
capacitor motor. The circuit is the same as Fig. 22, except 
that Ry and X, are zero, R,, is large, and a is less than 
| instead of more than 1}. 

The permanent-split capacitor motor, used for small 
fan drives, has a large value of X, and a value of a con- 
siderably greater than 1. Reactance-split starting is rarely 
used, as it gives very low starting torque. This motor 
rotates from the D toward the Q axis, so the signs of the 
Q-axis voltages and currents are the same as in Fig. 14. 

The shaded-pole motor, used in sizes of a few watts 
(usually for fan drive), has a salient pole stator with a 
very-low-cost one-coil-per-pole D-axis winding, and a 
short-circuited “shading coil” on each pole placed about 
60 deg away from the D axis, instead of the usual 90 deg 
displaced Q-axis winding. The shading coil has a re- 
sistance chosen to give optimum balance between start- 
ing torque and running losses, but at best this motor has 
low torque and low efficiency. Its circuit is much more 
complex than Fig. 22, as the shading coil is equivalent 
to a D- and a Q-axis winding in series, and a “phase 
shifter” or auxiliary equations are necessary to define the 


Y- ans 
main winding 


lg => 


Auxiliary 
winding 


Fig. 22—Rotating-field equivalent circuit capacitor motor. 
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performance. Also, the one-coil-per-pole windings produce 
large space harmonics with three and five times the 
fundamental poles, and these must be allowed for if ac- 
curate results are desired. 


Lecked-Rotor Performance 


At standstill, s = 1, the upper and lower halves of the 
circust have the same impedance, Z,, so that the circuit 
reverts to that shown in Fig. 12(c). This can be separated 
into its two parts, (a) and (b), by applying the sum of 
E,, and E,, to the impedance \/2Z, (giving /,) and the 
difference of E,, and E,, to \/2Z, (giving /,) without 
finding /, or J, at all. The torque is then given by Eq (40), 
which reduces to: 


T _ (1,1 ;* ~ Ind,*)R: 
= [Ua + 1a + j1)* — Ua — ja — j1,)*\R2/2 
= 2J2],R: sin (a, — aa) watts at synchronous speed (90) 


where a; and a, are the power factor angles of J,, and 
/,, = al,. [T is negative for the conventions of Fig. 12(c).] 

Since R, and R, must be kept reasonably low for good 
output and efficiency, it is difficult to have a, more than 


60 deg. With a resistance split or shading coil, it is hard 
to bring a, below 30 deg, so that the difference angle 
is usually less than 30 deg. With a capacitor, however, a, 
can be —30 deg or larger, and this explains why the 
capacitor motor has so much better starting performance 
than other forms of single-phase motors without com- 
mutators. 

Since R.,, = R.» at standstill, the alternating torque, T,, 
is zero at locked rotor. From Eq (42), T increases rapidly 
as the speed increases, but declines as the motor ap- 
proaches full speed, when the main winding current 
becomes small—provided the capacitor is small or the 
auxiliary winding is open at full speed. Even at no load, 
with the auxiliary winding open, 7, is fairly large, since 
this torque is the means of supplying energy to the Q-axis 
magnetic field. On this account, all single-phase motors 
are noisy if placed on a “sounding board” base of any 
sort, which can take up and amplify the double-frequency 
oscillations of the motor stator about the shaft center line. 
To overcome this, it is usual to provide single-phase 
motors with some type of resilient mounting that will 
absorb the oscillations, and reduce the alternating torque 
applied to the foundations to a small value. 


Polyphase Induction Machines 


Unbalanced Operation 


For a two-phase motor with unbalanced windings or 
unequal external impedances, the circuit of Fig. 22 still 


Fig. 23—Equivalent circuits of polyphase induction machines: 
(a) connection diagram of two-phase motor; (b) symmetrical 
windings, unbalanced voltages—circuit gives total motor power; 
(c) symmetrical windings, balanced voltages—circuit gives total 
motor power; (d) simplified circuit for balanced polyphase oper- 
ation—circuit gives power of one phase only. 
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applies. If the phase impedances and windings are bal- 
anced [Fig. 23(a)] so that Z, = Z,, this reduces to 
Fig. 23(b), which is the general equivalent circuit for a 
two-phase induction machine with unbalanced applied 
voltages (E, # —jE,). If the voltages are balanced also, 
this reduces to Fig. 23(c), where E,, the backward field 
voltage, is zero. Both these circuits give the total moto: 
power. The last circuit can be simplified to Fig. 23(d). 
which gives the power of one phase only, and applies to 
a machine of any number of phases under balanced con- 
ditions. This is the circuit normally used for three-phase 
motor-performance calculations. All of these circuits can 
be used for any supply frequency if the voltages and 
resistances are divided by the per-unit frequency ratio, F. 

If the windings of a three-phase motor are unsym- 
metrical, as when the external impedances are different 
in all three phases, the circuit requires a phase shifter or 
auxiliary equation (as for the shaded-pole motor), and 
so will not be considered here. If the three phases are 
symmetrical but unbalanced, the circuit needs to be 
modified to include the zero-phase sequence current, 
which may circulate in a delta winding or flow in a 
neutral lead of a Y-connected machine. To derive the 
required circuit, we need to write the voltage equations in 
terms of the self and mutual impedances of the three 
phases. 

We will denote by Z,, Z, and Z, the forward, backward 
and zero-phase sequence impedances per phase on the 
primary side under balanced polyphase conditions, and 
will use f, and 5, to denote the correspciiding secondary 
impedances, so that Z, = R, + jX, + Zyo, Zp = R, 4 
jX, + Zp. and E; = 1,Z;, E, = 1,Z,, and E, = 1,Z,. The 
zero-sequence currents in the three phases are displaced 
120 deg in space but are in time phase, so they produce 
no fundamental field and have no effect on the secondary, 
aside from small eddy-current losses. Thus, Z, = R, + jX,, 
where X, is smaller than X,, unless there is an external 
impedance in the neutral lead. 


Before writing the three-phase voltage equations, we 
need to know the values of the self and mutual impedances 
of the phases in terms of the normal balanced impedance 
values as used in Fig. 23. To this end, we will consider 
first the conditions when current flows in one phase alone, 
as in a line-to-neutral connection. In this case, the phase 
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currents are J, = I, 1, = Il, = 0, and Eqs (43), (44), 
(45) and (46) give: 


ly = =I/V: (91) 


and 


ka = (E; T BE + E,)/ Vv 3 =s I(Z; a Z +- Zo)/3 = IZiw (92) 
giving 
Zin = (Zs + Zp + Zo)/3 = 22/3 + (Zp2 + Zee + Zo)/3 (93) 


This is the self impedance of one phase. 

As the zero-sequence voltage is the same in every phase, 
and as the fundamental fluxes produced by the three 
phases are 120 deg apart in time phase, the mutual im- 
pedance between any two phases is: 


Zap = Zac = Zoa = Z/3 + ((Z- + Z) cos 120 deg]/3 
= (Zo _ 4,)/3 —_ Zr os Zi2)/6 (94) 


Taking the most general case of a three-phase motor, 
except that it is symmetrical about the D and Q axes, 
we will assume that phases B and C are alike, but phase 
A, along the D axis, has K times as many turns (but the 
same per-unit resistance) as the other two; it also has 
an external impedance z connected in series Wiu it, as 
shown in Fig. 24. Since there is no zero-sequence voltage 
in the rotor, we can simplify the equations by combining 
all the f and b (rotor) voltages into the three air-gap 
phase voltages E,’, E,,’ and E,’. The three-phase voltage 
equations are then: 

3E4 = [3z + K%(2Z, + Z)|la + K(Zo — 7%) 

(Ip + Ic) + 3E4’ 

3Eg = K(Zo — Z)1a + (24, + Zo)Ip + (Zo — “Z)Ic + (95) 

3E2’ 


0 


3Ec = K(Zo — Z,)1a + (Zo — Zi) Ip + (27; + =e ty : 
3c 


From Eqs (43), (44) and (45): 
V 3E, = Ea/K + aEp + @kc 
Vv 3E, = Ea/K + @Ep + akc 
V 3E, = Ea/K + Ep + Ec 
Substituting Eq (95) in Eq (96): 
V 3E; = (Z, + 2/K)KI4 + aZ,Ip + @Zilc + 3Ep2 
V 3E, = (4. + 2/K*%)KI4 + @ZIp + aZlo + 3En 
V BEy = (Zo + 2/K*)KI 4 + Zols + Zole 
From Eq (46): 
V3KI4 = 1, +1. + Io 
V3Ilp = aly + al, + Io 
Vv 3lc 
Substituting these in Eq (97): 
Ey = (2/K? + Z + Zye)T¢ + (2/3 KU — Ty + Io — Ty) 
Ey = (2/K? + Z, + Zw) + (z/3K*) Uy — Ip + To — Ie) 7(99) 
Ey @ (z/K? + Ze)Io + (2/3K2)Uy — Io + In — I) 


These last three equations establish the equivalent circuit, 
as shown in Fig. 25, for the motor shown in Fig. 24. The 
zero-phase sequence current circulates in an external loop 
that does not affect the air-gap flux or torque. The circuit 
is valid for Y as well as for the delta connection, but in 
the Y case, the sequence voltages are unknown, as their 
values depend on the (displaced) voltage of the Y point. 
The neutral lead is not brought out ordinarily, so this 
Y-point voltage adjusts itself to fit the internal impedances 
of the three phases, and to comply with the additional 
relation that 1, +1], + 1], = 0. 


= al; + aI, + Io 
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A turns 


Fig. 24—Three-phase A-connected motor with an external im- 
pedance z, and K times normal winding turns in the “A” phase. 
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Fig. 25—Equivalent circuit for three-phase motor with external 
impedance z, and K times nermal turns in one phase. 





Fig. 26—Circle diagram. 


Balanced Operation 


The simple circuit of Fig. 23(d) defines the perform- 
ance of a polyphase induction machine precisely enough 
for nearly all practical purposes, under balanced condi- 
tions. This can be represented by a circle diagram, as 
shown in Fig. 26. (6) 

The two most important “constants” of the induction- 
motor circuit are the total leakage reactance, X = X, + 
X,, and the “leakage factor,” X/Xy. As R,, X, and R, 
normally are small compared with X, and R,/s, useful 
approximate formulas can be derived by developing the 
solution of the equivalent circuit in infinite series in powers 
of X/X, and R/Xy. Let: 





a = (£/Aw)/I = ratio of no load to lvad current, approxi- 
mately 

= ratio of total reactance drop to phase voltage 

= ratio of primary resistance drop to phase 
voltage 

= ratio of secondary resistance drop to phase 
voltage 


b = IX/E 
c = IR,/E 


d = IR,/E 


In these formulas, E is the phase voltage, R,, R, and 
X are in ohms per phase, and q is the number of phases. 
The core loss is neglected. The leakage factor is ab, whose 
normal value is between 0.05 and 0.15. The infinite-series 
solution of the circuit yields the following approximate 
formulas (6): 


maximum torque = gE*%1 — 3ab/4)/2(R, + X) synchronous 
watts (100) 


(101) 


power factor at maximum torque = 0.707 — 7ab/10 + 3¢/8b 
(numeric) (102) 


slip at maximum torque = R.(1 + ab/4)/X (numeric) 


power factor near full load = 1 — (a + 6)*/2 + 3a*6* 
(numeric) (103) 

slip near full load = d(1 — a?/2 + b*/2 + ¢ — 2a°b*) © 
(numeric) (104) 

ratio of secondary to primary current = 0.98 — a*/2 — ab/2 
(numeric) (105) 


locked-rotor phase current = E[l + ab/4 — (e + d)*/2b?|/X % 
amperes (106) 


The formulas are equally valid when the values are in 
per-unit terms, except that q should then be omitted from 
Eq (100), and this formula will then give per-unit maxi- 
mum torque. 

It should be noted that the values of R, and X vary 
materially over the range of speed and current, due to 
varying saturation and skin effect. Most squirrel-cage 
motors have deep bars or double cages, making the R, 
value much greater and X¥ much smaller at locked rotor 
than at full speed. 


Air-Gap Fields and Energy Transfer 


A thorough knowledge of the mmf-field-energy relations 
in cylindrical air spaces is essential for full understanding 
of electric machines, especially the large air-gap, synchron- 
ous and d-c machines to be considered in the following 
sections. There are three aspects of this knowledge: cal- 
culating the air-gap magnetizing reactance of any machine 
winding, calculating the energy flow around and across 
the air gap, and estimating the flux and the corresponding 
reactance when the air gap is very large, as in the end 
turns and when the rotor is out of the stator. 


Magnetizing Reactance 


To calculate the magnetizing reactance of a distributed 
winding in a small air-gap machine, we analyze the radial 
mmf of the winding into a series of sine waves with 
different pole numbers and consider one of these at a time. 
For the fundamental field, with P pairs of poles, Eq (7) 
gives for the peak of the radial flux density: 


B, = 2x ¥ 2DA X 10-"/PG webers per square meter (107) 


where D is the gap diameter, A is the rms effective ampere 
conductors per meter of periphery, and G is the radial air- 
gap length in meters. 

If the winding has N turns in series per phase, g phases, 
and J rms amperes per phase, the value of A under 
balanced conditions is: 

A = 2qgNIK,Ka/xD amperes per meter (108) 


where K, and K, are the pitch and distribution factors 
of the winding. 
The (sinusoidal) flux per pole is: 


@ = (2B,/r)(«DL/2P) = B,DL/P webers 


where L is the core length in meters. 
The induced voltage is: 


(109) 


E = 2xfoK,KaN/ V 2 rms volts (110) 


Therefore, the magnetizing reactance, or ratio of the 
induced volts to the exciting current, is: 


Yu = E/T = (E/¢)(¢/By)(Bi/4)(4/1) 

= (2efK,KeN/ Vv 2)(DL/P)(27 V 2D & 10-7/PG) 
(2qNK,Ka/xD) 
= 8xqfN*K,°K#DL X 10-*/P*G ohms per phase (111) 
If all the dimensions are in inches instead of meters, the 
numerical coefficient of this equation becomes 6.38(10-*) 
instead of 82(10-*). The magnetizing reactance for the 
mth harmonic field, with 2mP poles, is found by using 
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Kym and Kg, in place of K, and Kg in Eq (111), and 
dividing the result by m’. 


Energy Flow Across the Air Gap (6) 


The equations for the radial flux density, B,, and the 
peripheral flux density, B,, in an annular air space of 
outer radius R (radius of stator bore), and with an 
impressed radial sinusoidal mmf of 2P poles on the stator, 
are well known. Using R — g to represent the radius at 
any point in the air space, and R — G for the inner radius 
(radius of rotor), they are: 


(R — GP?(R — g)-P-! + (R — 9)?! 
RY — (R — GP 


sin (P@ — wl) (112) 


Br = (44% PAR? /10°) | 


and 


RP — (R — GyP 
cos (P@ — wi) (113) 
where A is the peak sine-wave mmf at the stator bore: 


Boe = —(A4r pare) 


“= na | 


(114) 


Neglecting all terms smaller than (G/R)?, these equa- 
tions become, when expanded in infinite series: 


Br = BA — G/2R)(1 + g/R)sin(Pé — ot) (115) 
Be = (PB,/R)(G — g)(1 + 3g/2R)cos(Pé — wi) (116) 


where B, is given by Eqs (107) and (114), putting 2R 
for D, or: 


A = ¥ 2RA/P ampere-turns per pole 


(117) 


The factor (1 — G/2R) adjusts Bz to the average air- 
gap radius, and (1 + g/R) allows for the varying air-gap 
area at different radii. The peripheral flux density at the 
outer radius is simply equal to the change in radial mmf 
over a short peripheral distance, divided by that distance, 
or: 


B, = 4rA X 10-7/G webers per square meter 


Be = —(G/R)dBr/dé (118) 


when g = 0. 

If the rotor permeability is infinite, and there are no 
rotor currents, B, = 0 at the rotor surface, as shown by 
the factor G — g in its equation. Similarly, if there is a 
rotor mmf, the component of B, due to it is zero at the 
stator surface. Under load, there will be an additional load 
current in the stator, equal to C times the magnetizing 
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current, and displaced by an angle (90 — Pa) from the 
magnetizing currrent; there will also be an equal and 
opposite load current in the rotor. These will create addi- 
tional flux densities in the air gap (Br, and B,,), found 
by subtracting their radial and adding their peripheral 
components: 


Bre = —[CB,cos(P@ — Pa — wt))[((l — G/2R)(1 + g/R) — 
(1 + G/2R)Q. — g/R)) 
= (CGB,;/R)(1 — 29/G)cos(P@ — Pa —wt) 
webers per square meter (119) 


The signs of the correction terms, G/2R and g/r, are 
opposite for the stator and rotor load currents because 
they are located on opposite sides of the air gap. This 
additional radial flux due to the load currents is CG/R 
times the no-load flux on each side of the air gap, with 
opposite signs, and is zero midway across the gap. It 
is too small to be considered in performance calculations. 


Bec = (PB,G/R)((1— g/G)(. + 3g/2R) + (g/G( — 3g/ 2R)) 
sin(P@ — Pa — wl) 


= (CPB,G/R){1 + (39/2R)(1 — 29/G))sin(Pe — Pa — wt) 

(120) 

This peripheral flux density, when added to the radial 

density, causes the flux to enter both the stator and the 

rotor at an angle different from 90 deg, thus causing a 
peripheral force, or torque. 

To calculate the torque, which is a measure of the 
energy flow across the air gap, we make use of the 
Poynting vector theorem, which states that the flow of 
electromagnetic energy through any surface is equal to 
the integral over that surface of the Poynting vector, 
E X H, where E and H are the electric- and magnetic- 
field intensities in the plane of the surface, and the energy 
flow is at right angles to the surface. The electric-field 
intensity in the air gap at the stator bore, due to the 
radial flux, is in the axial direction and is equal to: 


Ez, = vBriz volts per meter (121) 


where v is the peripheral speed of the magnetic field in 


meters per second, equal to 27Rf/P. The magnetic-field 
intensity in the radial direction is: 


Hr = Brig X 10~7/4a ampere-turns per meter (122) 


where 1, and 1, are unit vectors in the axial and radial 
directions, respectively. This is in time phase with E,, so 
that the energy flow in the peripheral direction at the 
stator bore is: 

Qe = Ey, X Her = vB; X 107/4x watts per square meter (123) 


= (WB? X 107/87) [1 — cos 2(P@ — wt)] + So and 


second-order terms 


There is a peripheral flow of magnetic energy at syn- 
chronous speed, equal at each instant to twice the energy 
stored in the radial field, multiplied by the speed. To 
find the total energy being carried around, we multiply 
the average value of Q, by the radial cross-section of the 
air gap, LG, and by the time of one revolution, P/f, giving: 

energy of the rotating field = (LGP/f)(xDf/P)(B? X 107/87) 


= DLGB;? X 107/8 watt-seconds 
(124) 


The total energy in the radial field is half that corre- 
sponding to the peak flux density, or: 


radial field energy = (1/2)(rDLG)(B,;? X 107/87) 
= DLGB;? X 107/16 watt-seconds (125) 


The peripheral magnetic field, B,, gives rise to another 
energy flow, in the radial direction, whose value is: 


Qr = Ex X He = vBrBe X 10'/4x watts per square meter 
= (vPB? X 107/8*R)(G — g)sin2(Pe — wt) + (vCPGB;? X 


107/87R)cos Pa + (and second-order terms) (126) 
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The first term of Eq (126) represents the flow of 
energy to and fro between the power system and the 
radial field. The total energy delivered and returned each 
quarter cycle, or 4f times per second, is found by integrat- 
ing QO, from t = 0 to t = 1/4f = z/2e to obtain the 
maximum in time, then integrating over the area of a half 
pole pitch, ~RL/2P, to obtain the energy per half pole, 
and multiplying by 4P. This is: 


radial energy flow r/AP 
= (vPB?G X 107/87R) 


(le 
4PRLdé f sin 2(P@ — wt)dl 
0 


—7/4P 
= DLGB;? X 107/42 watt-seconds (127) 


The second term of Eq (126) is the real power trans- 
ferred across the air gap. Integrating this over the entire 
air-gap area, we find the total power delivered to the 
shaft is: 


shaft power 


= f QOrRLdé = (2xRL)(vCPGB,? X 107/87R) sin Pa 
0 


= qCIE sin Pa watts ‘ 
= x? ¥ 2D°LB,CAn sin Pa/120 watts (128) 


which checks with Eq (12), since v = wDn/60, and CA 
is the load current density equivalent to A, in the earlier 
equation. 

These relations show that the energy flowing radially 
into the air gap from the stator is proportional to the 
product of the radial and peripheral flux densities at the 
stator surface. It is enlightening to trace ways by which 
the energies of the various components of the field are 
supplied, and the interchange of torques and energy be- 
tween the different phases of a polyphase machine like 
those in the single-phase machine considered earlier, but 
there is no space for this analysis here. 


The Magnetic Field in Very Large Air Gaps 


There are many occasions when it is desirable to know 
the flux density at a particular point, or the reactance due 
to a particular part of the field in machines with large air 
gaps, as in the end windings, or when the rotor is removed 
from the stator. For this purpose, simple formulas: can 
be derived from the general Eqs (112) and (113). 

The total flux per pole is found by integrating Eq (112) 
over a pole pitch, with t = 0. The total flux inside the 
cylinder of radius R — g and axial length of 1 meter is, 
from Eq (112): 


r/P 
¢, = f (R — g)Brdé = (8rA X 1077)(R?) 
0 ((R — G(R — g)-? + (R — g)?)/M_ (129) 
where M = R*? — (R — G)?”. The total flux leaving the: 
stator is found by making g = 0 in Eq (129): 


stator flux = (87A X 10~7)[(R — G)*? + R??]/M webers 
per meter length (130) 


Total flux entering the rotor is found by making g = G: 


rotor flux = (8%A X 1077)[2R?(R — G)?]/M webers (131) 
per meter length 


The ratio of rotor to stator flux, subtracted from 1, gives 
the per-unit peripheral leakage flux: 
per-unit peripheral leakage = P?G%(1 + G/R + - - -)/2R? 
(132) 
The flux when the rotor is removed is found by making 
G = R in Eq (130): 


flux with rotor removed = 8xA X 1077 webers 


(133) 
per meter length 


The same result is obtained when the stator is removed; 
with current on the rotor, by making R = o in Eq (130), 
so that the flux when there is no iron in either the rotor 
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or stator 1s: 


flux with nonmagnetic stator and rotor = 4rA X 10-7 webers 


per meter length (134) 


These relations in the foregoing equations are useful in 
determining reactance, losses, and forces in the end wind- 
ings especially. 


Synchronous Machines 


Principal Features 


When operating in synchronism, with a fixed d-c field, 
the rotor poles of a synchronous motor lag behind the 
rotating stator field by an angle sufficient to produce a 
“synchronizing” torque, Eq (10), equal to the load torque. 
Any change in load or speed causes a change in the load 
angle, a, and therefore in the torque, which may cause 
the rotor speed to oscillate as a pendulum. In such a case, 
currents are induced in the rotor by the slip frequency 
voltages, creating damping torques. If periodic changes 
occur in the load torque, as in driving a reciprocating 
compressor, the motor will oscillate in speed, or “hunt.” 
To limit this, the inertia of the motor and connected load 
must be so chosen that the resonant frequency will not 
coincide with that of any of the impressed torque vari- 
ations. 

If the field current is fixed and just sufficient to generate 
normal stator voltage, so that the stator current is very 
small at small loads, the load angle will increase rapidly 
as the load increases and the motor will pull out of step 
at a low torque. To prevent this, the field current must 
be increased as load comes on, or must be set at a high 
value. With a high field current, the flux is held down 





Fig. 27—Axes of machine with salient pole rotor and sym- 
metrical stator. 


Fig. 28—Cross-field equivalent circuit of synchronous machine 
with salient pole rotor and symmetrical stator. Balanced poly- 


phase voltages on the stator. 


116 


(to that required by the voltage) by a demagnetizing cur- 
rent in the stator, so that the motor becomes a generator 
of reactive power that will supply the magnetizing currents 
of other machines in the system. By use of automatic field- 
current regulators and feedback circuits, it is possible to 
maintain a desired power factor, or torque margin, inde- 
pendent of load variations. 


Equivalent Circuits 


The typical synchronous machine has a symmetrical 
stator with a polyphase distributed winding, a rotor with 
dissimilar D and Q axes, a field winding in the rotor D 
axis only, and amortisseur windings in both rotor axes, 
Fig. 3. The air gap is large, so that the per-unit magnetizing 
reactance in the direct axis normally is of the order of 
unity, and that in the quadrature axis is perhaps two 
thirds as much, except in the case of round rotor (turbine 
driven) machines. These characteristics make the equations 
and equivalent circuits of synchronous machines quite 
different from those of induction machines. 

To conform with usual practice, we will continue to use 
the D and Q subscripts for the salient pole axes, so that 
these will now apply to the rotor. We need to transform 
the equations to the D and Q axes to eliminate the varying 
reactance terms. If the machine is a motor, so that the slip 
s is positive, the direction of motion of the flux on the 
rotor will be opposite to that on the stator, which changes 
the sign of the v terms in the equations. To avoid this, 
and retain the convention that for forward rotation 
€q = —jeé,, we will assume the direction of rotation of the 
synchronous machine to be clockwise, Fig. 27, instead of 
counterclockwise (as we assumed in Fig. 10) for the 
machine with symmetrical rotor. On this basis, the signs 
of the v terms will be the same as before, and the new 
impedance matrix can be found from Eq (80) by merely 
interchanging the subscripts 1 and 2, and rearranging the 
rows and columns to suit. However, when we replace p 
by 2a times the frequency, we must use sf, not f, because 
the frequency of the forward field on the rotor is ship 
frequency. The resulting impedance matrix for the machine 
with salient rotor and symmetrical stator is: 


Cid 


| Cig | 
| 
Cea 


C29 





a= 9) (1 — s) 
(X + Xma) (X% + Xmq) IsXma Raa 


-Q-s |R+is_  |-G=s) 
(Xi + Xma)| C+ Xue | Xna 


| 
Roa ee 0 


JsXa 


| R, + js 





Js Xme 





| 
| 
| 
| 


JsXma | 0 





Ree +_. 





(135) 

These are the cross-field equations for the machine with 
salient rotor for the forward field only, since we assumed 
p = j2msf. To derive the equivalent circuit, we multiply 
the e,, equation by (1 — s), and subtract it from js times 
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the é€,4g equation. Also, we multiply the e,, equation by s 
and subtract from this j(1 — s) times the e,, equation. 
When the two resulting equations are divided by (2s — 1), 
they become, taking eg = —je,: 


Jeia = JX + Xma jira) + JXmaCjiea) + JRrisa 
(ee s)RiGQjiia - 1s —1) (136) 


asd MX + Xma)lig + j. X, malaq “+ Riirg —_ 
qd = Rina — tg)/(2s — 1) (137) 


These equations yield the equivalent circuit of Fig. 28 for 
the synchronous machine of Fig. 27, with balanced for- 
ward voltages applied to the stator. A check will show 
that the equations for e,, and e,, in the matrix of Eq (135) 
agree with those for the secondary meshes of the circuit. 
The branch for the rotor field current has been added, by 
analogy with the general circuit of Fig. 11. 


The D-C Machine 


The generalized d-c machine, Fig. 29(a), has currents 
i,q and i,, in the two armature axes, and four stator wind- 
ings, two in each axis. One of these windings in each axis 
usually is connected in series with one of the armature 
circuits, and the other is supplied from an external source. 
The impedance matrix is the same as the D- and Q-axis 
impedance matrix of the generalized machine, Eq (79), 
if provision is made for the additional stator windings. 

We will represent the two series stator windings by sd 
and sq, and the two field, or control, windings by fd and 
fq, respectively. Also, we will designate the two armature 
circuits by ad and ag, thus eliminating the need for the 
1 and 2 designations of the stator and rotor used previous- 
ly. On this basis, the voltage-current equations of the 
generalized d-c machine, Fig. 29(a), expressed in matrix 
form, are: 





fo sdP 








LasaP 


Re + 
LigP 


LasgP 


LiseP LasaP 


LasaP LasaP vL. sq ) L ; vLag 
Ra + 
LagP 














vLasa vLasa LasgP 











(138) 


Since the numbers of turns in the several stator and 
rotor windings are all different, the windings will have 
different inductances when reduced to the same numbers 
of turns. To allow for this, the various inductances are 
designated by subscript letters showing to which windings 
they apply: L,g and L,g are the inductances of the two 
D-axis stator windings, and L,, is their mutual inductance, 
and similarly for the other windings. 

Evidently there are a great many possible connections 
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Fig. 29—-Two-axis d-c machines: (a) generalized d-c machine, 
(b) amplidyne. 


and ways of operating these two-axis d-c machines, the 
metadynes developed by Pestarini being an example. (9) 
Here, we wili consider only a single-axis machine with 
no field winding in the D-axis, so that both i,g and 1;, 
are zero. The series Q-axis stator winding is assumed to 
be a combined compensating and commutating, or inter- 
pole, winding, connected in series with the armature Q- 
axis current. The D-axis field winding is assumed to be 
supplied from an external source. The D-axis series wind- 
ing is assumed to be connected in series with the armature 
to provide “compounding,” or an increase in field strength 
as the load current increases. With these conditions, there 
are only two currents in the machine, i, and i,, in the field 
and armature, respectively. The connection matrix relating 
the six original currents to the two final currents is then: 


and its transpose is: 


The negative sign occurs because the sq (compensating) 
winding is connected to oppose the flux made by the 
armature current in the Q axis. 

To find the equations of the machine, we multiply 
through C;*z*C: 


Lasap Ria + Leap 


Rya + Lyap 
0 —Ra 


L.yap 
— Lyp + Laup 
—Lizgp + LasaP 
—Lagp + vLag 
vlad — Lagp + Ra + Lagp 


(141) 

LasaP 

vLara 

and C; + z* C gives: 


Lisap 


Lasap + Ria + Leap + Rat L 
fe vLasa 2LesgP +oLeea +R, Leap 


es Rya + Lyap 





When these equations are solved for i; and i,, they take 
the form: 


i _(a + bp)e; — (c + dp)ea 
f+ gp + hp* 


Under steady-state conditions, with direct currents flow- 
ing and constant speed, all the p terms are zero, and 
the equations reduce to the familiar relations for d-c 
machines: 


(143) 


E; = Ryal (144) 


and 
E, = vlasals + (Rsa + Rus + R, + vLasala (145) 


The values of L,,;g and L,,g, of course, vary with the 
currents, due to magnetic saturation. 

It should be realized that the poles and frames of 
direct-current machines are usually made of solid steel, 
so that eddy currents are induced in them, opposing any 
change of flux. To allow for this, the values of L in an 
equivalent circuit representing the solid iron portions of 
the magnetic paths need to be shunted by parallel paths 
containing R and L components representing the eddy- 
current paths. The presence of magnetic saturation to- 
gether with skin effect makes the equations governing the 
eddy-current effects highly nonlinear, so that it has been 
customary to use empirical rules rather than mathematical 
analysis to determine the transient currents. Another factor 
that complicates the analysis is the occurrence of induced 
currents in the armature coils that are short circuited by 
the brushes, due to changing flux in the brush axis. These 
currents are limited in large degree by the brush contact 
resistance, which is always an uncertain quantity. 

Despite these uncertainties, the equivalent circuit of 
Fig. 30, which represents Eq (142), provides a good 


understanding of the performance of a single-axis d-c 
machine. Usually, the circuit elements are simulated by 
equivalent functions in block diagrams, solved with the 
aid of analog computers. 


Eddy -current 
paths in solid 
iron of stator 


j -j ) 
(Lsg Losq/P 


Lora'¢ tLosala) V 


«—Lominated iron 


(Log - Lose)? in rotor — no eddy- 


R, current paths 


Fig. 30—Equivalent circuit of single-axis d-c machine. 


Appendix 


1.00 Basic Equations. The behavior of electric machines de- 
pends principally on four basic physical relationships: the flux 
density equation, the induced voltage equation, the current 
equation, and the force equation. 

1.01 Flux Density. The flux density B created by a current 
i amp flowing through N turns of conductor linking a magnetic 
flux path of length G meters: 


B = pyoNi/G = 4ruNi(10-")/G webers/sq meter (A1) 


where yu is the relative permeability of the flux path and 
#, is the permeability of free space, 47 10-7 henries/meter. 


flux ¢ = BA webers 


where A is flux path area in square meters. In the case of a 
single ‘straight wire in air, with remote return path, the flux 
paths are circles concentric with the wire and the flux den- 
sity at any radius r meters (outside the wire): 


B = 4ri/(2xr X 10") = 2i/(r X 10") webers/sq meter (A2) 


if the path is through iron whose reluctance can be neglected, 
with a series gap of length G meters, the flux density through 
the gap: 


B = 4r(Ni/G)10~7 webers/sq meter (A3) 


If the current is varying, allowance must be made for the 
opposing eddy currents that may be induced in the iron or in 
other current paths that link the flux. When the air gap is 
long or non-uniform, allowance should be made for fringing 
by flux plotting, by reference to experience-derived data, or by 
solving the divergence (Laplace) equation for the particular 
case. 

1.02 Induced Voltage. When a time-varying magnetic flux 
of ¢ webers links N turns of an electric circuit, a voltage e 
is induced in the circuit: 


_ KN¢) 
di 


= volts, or -n& volts (A4) 


if N is fixed. The negative sign indicates that a current flowing 
in response to the induced voltage produces a magnetic field 
opposing the original field (Lenz’ law). 

1.03 Current. When a time-varying voltage e is impressed 
on a series circuit of resistance R ohms, inductance L henries 
and capacitance C farads, a current i flows in the circuit: 


e = Ri + d(Li)/dt + q/C volts (A5) 


where the instantaneous charge on the capacitor 


t 
q= f idt coulombs 
0 


Differentiating and combining gives the basic equation of elec- 
tric circuits: 


Ld’q/d@ + Rdq/dt + q/C =e (A6) 


which is mathematically identical with the basic equation of 
mechanical motion: 


Mad?s/dt + Dds/dt + Ks = F(é) (A7) 


where M is mass, D a damping factor, K the spring constant, 
F(t) is the applied force, and s is the linear displacement.* For 
solution of either of these basic equations, e or F(t) is ex- 
pressed as the sum of a series of sinusoidal terms of frequen- 
Pe oe 


e= Ey) + EE, sin 2rfit + Eysin 2rfot + LE, sin 2xfyt + +--+ (A8) 


Normally, f,, f,, etc., are multiples of the fundamental fre- 
quency, f,, since all the terms originate from the speed of 
rotation of the generator that is the energy source. The 
separate terms are the harmonics of the voltage wave. 

1.04 Force. When a magnetic field interacts with a current- 


* The mass-inductance analogy is valid only when the mechanical network has 
a dual. See the article by Branin in Cited Reference (10). 
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carrying conductor transversely, a force is produced acting at 
right angles to the plane of the field and the current: 


F = Bll newtons, or BU X 105 dynes (AY) 


where / is current in amperes, B is flux density in webers/sq 
meter, and / is the projected length in meters of the conductor 
at right angles to the field. 


2.00 Current-Energy-Force Relations. When a steady vol 
tage, FE, is applied to an inductive circuit, the energy supplied 
to the resistance is: 


t t 
Wr = f i(Rijdt = i (i? RQ e RtLydt 
0 Jo 


= PRU = 2PLQ = 8) + (PL /2)(1 — ett!) 
joules (A110) 


where / E/R, the steady-state current. 
The energy supplied to the inductance is: 


Wi = f i(Ldi/dt)dt = Li?/2 
0 


Li? , 
=- (1 — 2e“Rtil + @ 2utt!L) joules 


9 


and the total energy supplied to the circuit is: 


W = We 4+ WL = PRt—- PLO — e& ®#'*) joules (Al2) 

There is a steady flow of energy, /°R¢, into the resistance, 
where it is dissipated in heat, less an amount 3/°L/2 (value of 
W, when ¢ 0, neglecting the transient terms) due to the 
inductive delay in current build-up. An amount L/*/2 goes 
into the energy of the magnetic field of the inductance. This 
magnetic field usually is considered to be distributed in the 
space around the conductor, in proportion to the square of 
the magnetic density at each point. 

To visualize this more clearly, the inductive energy can be 
expressed in terms of the flux density as: 


NA aay. NA BG X 107 \ 
Wm = ( 2 ) Car) -( 2 )( lanl ) 
( Arp x 10 a ) 
G 


AGB’ 0? 
- = X 10" watt-sec 


Al3 
Bru (A13) 


That is, in every cubic meter of the magnetic field there are 
stored B2 x 107/8ru watt-sec of energy, and the total field 
energy is the product of this unit energy by the volume of the 
field (1 watt-second = 1 joule = 1 newton-meter). If the 
density is not uniform, the unit energy must be integrated 
over the volume. The energy stored in the iron portion of the 
flux path is small, since uw is large. In air, or any non-magnetic 
material, the magnetic energy in each cubic centimeter at a 
flux density of 1 weber per sq meter (10,000 gauss) is: 

W,, _ 10’ 


1.25(10°) 


= 0.398(10"°) watt-sec per cu meter 
Ag 82 7 


= 4.81 ft-lb per cu in. (A14) 


So far we have considered a static circuit only, with constant 
inductance. Suppose now that the air gap in the flux path is 
initially made very large, and that a fixed current, /, is main- 
tained in the coil. Then suppose that the gap, g, is made pro- 
gressively smaller, the current being held constant. While ¢ 
is changing, the voltage induced in the coil is: 


e = —Nd¢/dt = —NAdB/dt = —4xN°Al X 10-%(d/dt)(1/g) 


at i , | dg 
= | ea (=) 10 | volt 


The electrical energy supplied to the coil while the gap is 
changing is: 


W=- f ledt = -4rAN*I? X lO ; dg/q' 
0 o 


= 4rxAN?®I? X 1077/G 


(A115) 


With w = 1, this is: 
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g 7 
W = AB*G X 10 = LI? = 2W,, joules 


= (A17) 


That is, twice as much energy has been drawn from the line as 
that required to supply the increase in magnetic field energy 
when the air gap became smaller. The extra energy is the 
work done by the attractive force exerted by the magnetic 
flux across the gap. If there is nothing to resist the motion, 
this magnetic force will accelerate the closing motion, creating 
kinetic energy that will be dissipated in heat when the two 
sides naeet. The force, F, is evidently proportional to the 
square of B, or is equal to K/g*, where K is to be found. The 
work done by the force is: 


G 
Wr = - f Kdg/g? = K/G = FG newton-meters (A18) 


fo} 


Equating this to W,,, or L/*/2, we find the force at a flux den- 
sity B to be: 


F = K/g? = LP?/2G = AB? X 10°/8r 


= 0.398AB* X 10* newtons (A19) 


it A is in square meters and B is in webers per square meter 


3.00 Force-Displacement Rules. These relations can be 
summed up in two’ basic rules: 

I. When, in a singly-excited magnetic circuit without satura- 
tion, a displacement of a circuit component occurs at a con- 
stant current, the energy supplied by the line is divided into 
two equal parts, one half increasing the stored energy of the 
magnetic field, and the other half being converted into me- 
chanical work. 

Il. The mechanical work done in making a small dis- 
placement of a component in a magnetic field is equal to the 
resultant change in volume of the magnetic field, multiplied 
by the stored magnetic energy per unit volume at that point. 

This second rule is expressed by the equation: 


work done during 

displacement, dg = Fdy 
energy per unit volume multiplied 
by the change in volume 


Le Litdg 
(sag) Ado = Sq" 


so that F = Li?/2G. 

This rule may be derived also by considering what happens 
if the flux, instead of the current, is maintained constant while 
the air gap is changing. With constant flux, no voltage is in- 
duced in the circuit, so that no energy comes from the line. 
Hence, all the work done must come from the energy of the 
magnetic field. The change in field energy is equal to the volume 
change multiplied by the energy per unit volume. That is: 


(A20) 


force per unit area 
(in newtons per sq meter) = energy per unit volume 
(in newton-meters per cu meter) 


When the flux density is one weber per square meter (10,000 
gauss), the force across an air gap in the flux path is 10°(0.398), 
or 39.8(10)4* newtons per sq meter, or 57.7 Ib per sq in. At the 
extreme saturation point of iron, about 2 webers per square 
meter, the radial-air-gap force can be about 230 Ib per sq in. 
only. This puts an upper limit on the forces that can be pro- 
duced in electric machines. 

When an alternating voltage, E sin(wt — 9), is impressed on 
an inductive circuit, the energy delivered to the circuit is: 


t 
W = f EI sin(wt — 0)sin(wl — 6 — a)dl 
t 


0 


where a = tan"! wl/R and E = IVR? + w2L2, 
2 2 2 
W = = - (42) sin(2wt — 20) + (4) 


4 
{1 + cos 2(wt — 6)] 


Ww 


(A21) 


The lower limit of integration, f,, is taken equal to 
(@ + a)/w when the current is zero. The first term is the 
average loss in the resistance, the second term is the double- 
frequency variation in the resistance loss, and the last term 
is the double-frequency “wattless” energy /°L/4 delivered to, 


and returned from, the inductance twice in each cycle, with an 
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average value of zero. The peak energy stored in the induc- 
fance is /°L/2. 


4.00 Magnetic Force. The performance of devices which 
exert magnetic force is described by two interrelated equations: 
the electrical equation of the control coil circuit and the me- 
chanical equation of the plunger or armature motion. There is 
i common “joint energy” term in the two equations. On the 
electrical side, this gives the voltage due to the changing in- 
ductance caused by the motion; and on the mechanical side, 
it gives the force due to the magnetic field. 

If x is the effective length of air gap in the magnetic flux 
path in meters, i is the coil current in amperes, and N is the 
number of coil turns, the flux density through the air gap, 
neglecting the reluctance of the iron path: 

inNi 


B= —— webers/sq meter (A22 
10'r 


and the coil inductance: 


IrAN 


L = No i = > 
” 1lO0’x 


henries (approx) 
where A is the gap area in square meters. 
When a voltage e is impressed on the coil: 


e = Ri + d(Li)/dt = Ri + Ldi/dt + idL/dt volts (A23) 
The last term in the preceding equation is the joint energy 
term, since the energy delivered electrically is converted into 
mechanical energy. 


idL/dl i(dL/dr)(dr/dt) 


tr AN*% (SF 
10%? dt 
[he quantity dL/dt is sometimes called the “motional im- 


pedance,” as its value is proportional to the velocity of the 
motion, dx/dt. If the motion is given, the current can be 


(A24) 


) volts (approx) 
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found from the differential equation above, for any assumed 
voltage, or the required voltage that will produce the motion. 
Since both L and dL/dt are time-varying coefficients of i, the 
equation is non-linear, and can be solved only by step-by-step 
procedures or by the use of an analog computer. 

Since force equals rate of change of energy with displace- 
ment, the force on the plunger or armature: 
2rAN?i? 
— watt-sec/meter 

(approx) 


_ d(Le/2)_ _ @ db 


dr 2 dr - 107z? 


=6.28 te newtons (approx) 


10%z 


The equation describing the mechanical motion is: 


Fo MSZ 


de + Ddzr/dt + K(x — 2) 


(A26) 


where M is the mass of the plunger or armature in kilograms, 
D is frictional resistance in newtons/meter/sec, xo is the value 
of x when spring force is zero, and K is the spring constant in 
newtons/meter displacement. 

The terms in the electrical equation are expressed in volts, 
and the input to the circuit is expressed in volts times amperes, 
or joules per second, which is power. The terms in the mechan- 
ical force equation are expressed in newtons, and the system 
input is expressed in force times velocity, or newton-meters per 
second, which is joules per second also, or power. 

Substituting Eq (A24) in (A23), and Eq (A25) in (A26) 
gives a pair of simultaneous equations in i and x, which de- 
termine the motion of the plunger under a given impressed 
voltage, e. The relations between F, i and x actually are much 
more complex than those given by Eq (A25) because of 
magnetic saturation and fringing effects. This, and the fact 
that both i and x are time-varying, makes a formal solution 
of the equations quite impossible. However, the relations can 
be linearized for small motions and set up on an analog com- 
puter, and approximate solutions can thus be obtained. O O O 


10. Electromechanical Energy .Conversion, AIEE Publication 
$128, 1961. 


Note: for guidance in the application and theory of La- 
grange’s equations of motion, which are so important in 
the principles of electromechanical energy conversion, the 
reader is referred to the White and Woodson work (4), 
pp 1-77, and to (3), pp 167-208, for the rotating-machine 
aspects. For basic principles and application to static net- 
works, see: Classical Mechanics, H. C. Corben and P. 
Stehle, John Wiley & Sons, Inc., New York (1960); The 
Variational Principles of Mechanics, C. Lanczos, Uni- 
versity of Toronto Press, Toronto (1949); for applications 
to static networks, see Introductory Circuit Theory, E. A. 
Guillemin, John Wiley & Sons, Inc., New York (1953), pp 
510-534, and Ordinary Differential Equations, W. Kaplan, 
Addison-Wesley Publishing Company, Inc., Reading, Mass. 
(1958), pp 266-272. 
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! state-of-the-art review (the first of a two- 
article series) examining the impact of cry- 
ogenics on electrical/electronic devices, 
equipment and systems. The subject is de- 
fined, cryogenic effects are summarized, 
functional requirements of cryogenic mate- 
rials are analyzed, and specific examples of 
design are described. The second article 
will present detailed data on the behavior 
of various metallic and nonmetallic mate- 


rials under cryogenic environments. 


CRYOGENICS 


* Environment 
« Phenomena 
¢ Applications 


ALEX. E. JAVITZ 
Special Features Editor 


I. Definitions; Basic Cryogenic Effects 


CrYOGENICs is both a science and a technology. As a science, 
it is concerned with the unique behavior of liquids, gases 
and solids under environmental conditions imposed by ex- 
tremely low temperatures. As a technology, it is concerned 
with the applications of principles derived from such phe- 
nomena to (a) various process industries (such as the liqui- 
faction of gases), (b) design of rocket- and missile-propul- 
sion systems, including ground support equipment, and (c) 
to the design and development of various electrical /electronic 
devices, equipments and systems. This review will be devoted 
to the last-named areas. The range of temperatures to be 
considered is usually taken to extend from 77 Kelvin (or 
—196 C, the boiling point of nitrogen at standard pressure) 
down to absolute zero—that is, 0 Kelvin or —273.16 C.* 

The present spectrum of electrical/electronic cyrogenic 
applications is much broader than is commonly realized. 
Cryogenic principles are already being applied to obtain 
improved or unusual performance characteristics in special- 
purpose motors, refrigerators, transformers, pumps, magnets, 
gyroscopes, special instrumentation and laboratory appara- 
tus, infrared detectors, solid-state masers and computer 
switching devices such as the well-known cryotron (mag- 
netically controlled superconducting switch). The cryotron 
and its applications in computer circuits have been exten- 
sively covered in the literature. The tendency to equate the 
cryotron with the total field of cryogenics, however, has been 
an unfortunate by-product. It is important to keep in mind 
that the cryotron represents just one area of cryogenics; the 
identification of this area as “cryotronics”+ may help to make 
this distinction clear. The present state of the art reveals 
mueh significant progress; future potentialities indicate 
continuing growth. 

The unique changes in characteristics of materials under 
the influence of cyrogenic temperatures are the heart of 
cryogenic design considerations. Cryogenics, then, may be 
approached from any one or more of the following three 
directions: 


a. the physical effect of cryogenic environments on materials 
(that is, cryogenics considered as an environment) 

b. The application of cryogenic behavior (such as supercon- 
*In some opinion, the upper limit may be placed at —150 C. Food preservation 
may be included in the applications of cryogenic technology. 


yj An expression coined from “cryogenic electronics.” 
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ductivity) to the development of new devices (that is, cryogenics 
considered as phenomena) 

c. The reliability of system operation under cryogenic environ- 
ments (that is, cryogenics considered as systems design para- 
meters). 


It is necessary to observe the distinction between cryogenic 
phenomena, such as superconductivity, and cryogenic de- 
gradation, such as embrittlement of a material. In the first in- 
stance, the phenomena may be applied to the research and 
development of a new device. In the second instance, we 
apply the degradation data to the selection of reliable ma- 
terials to be used in cryogenic systems. 

The physical properties of materials under cryogenic tem- 
perature environments may be drastically different from 
those exhibited under normal conditions. A few outstanding 
changes are noted here: 


a. extremely small electrical resistance of pure ‘metals 

b. sharp increase in thermal conductivity of most pure sub 
stances 

c. extreme embrittlement of certain materials 

d. decrease in the specific heats of all liquids and solids. 


4 more detailed examination of the physical effects and 
phenomena experienced under cfyogenic environments is 
given in Table I. The succeeding sections will deal with: 


a. the major functional properties required of materials and 
associated devices in cryogenic applications (for example, thermal 
insulation, structural strength, superconductivity) 

b. design considerations in the selection and use of materials 
for such functions 

c. examples of cryogenic design (motors, transformers, in- 
strumentation, electronic devices, etc.). 


Cryogenic Fluids 


Cryogenic environments are produced by liquified gases. 
A brief review of these liquids (or cryogenic fluids, as they 
are generally termed) is therefore included in this in- 
troductory section. 

Cryogenic fluids are divided into two major functional 
categories: (1) propellants and (2) refrigerants. The first 
category obviously involves many vitally important aspects 
of aerospace propulsion systems, including their ground- 
support equipment, but is outside the defined scope of this 
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Table 1 — The Effect of Cryogenic Temperatures on Properties of Various Engineering Materials 


Mechanical Properties 


e Metals, Embrittlement ig a conspicuous shortcoming in some 
metals, particularly carbon steel. However, most other ordinary 
structural metals, such as aluminum, copper, nickel and most of 
their alloys, do not exhibit low-temperature brittleness. This fact 
is also representative of austenitic stainless steel. A correlation 
has been shown between the type of crystal lattice and the brittle 
or non-brittle behavior of the metal. Face-centered-cubic metals 
and alloys do not embrittle; body-centered-cubic metals do. 

e Plastics. Data for this class of materials are scarce. Work 
with fiber-glass reinforced materials shows satisfactory low- 
temperature properties. Ultimate strength measured parallel to 
the fibers increases as temperature decreases; modulus is ap- 
proximately constant. Resistance to temperature shock is also im 
proved. Generally, plastics materials have shown relatively good 
low-temperature resistance, but temperature shock is a critical 
problem, particularly with un-reinforeed materials. The fluoro- 
carbon plastics, however, exhibit superior resistance to embrittle- 
ment at cryogenic temperatures. Polyester film (Mylar) is proving 
useful in specialized liquid-hydrogen application problems. (See 


A. Cryogenic Properties of Plastics 


| 
Ultimate | Compressive 
tensile yield Young's 


strength, strength, Modulus, 


Material psi X 10° psi X 10-3 psi X 10-* 


Polytetrafiuoro- 
ethylene 
Tefion 


Polytriluoromono- 
chloroethylene 
Kel-F) 


Polyethylene 


Polyethyiene- 
terephthalate 195 
Mylar) | 77 


? 
* Compression data. All other values were measured in tension 


review. The second category is at the heart of this review. 
As refrigerants, cryogenic fluids are employed in (1) funda- 
mental research apparatus and techniques, (2) operating 
media for devices such as infrared detectors, cryotrons, 
masers and microwave devices, and (3) as similar media for 
cryogenic motors, gyroscopes, transformers, magnets, re- 
frigerators and various other applications now in the state 
of development. The hydrogen fuel cells, operating with 
gaseous hydrogen as the fuel element, may very well employ 
liquid hydrogen to advantage under certain conditions. For 
example, in large-scale in-plant operation, it should be 
economical to use liquid hydrogen in the initial supply and 
distribution network prior to re-conversion to the gaseous 
form. Although this would not reflect a direct design use in 
fuel cells, such an arrangement may greatly increase their 
range of applications. 

Although a line of demarcation has been drawn here be- 
tween functional uses of cryogenic fluids as propellants and 
as refrigerants, certain component and systems-design prob- 
lems are common to both areas. Structural strength of ma- 
terials is not only critical in aerospace ground-support 
equipment, but also in the construction of airborne cryogenic 
vessels used with electronic instrumentation. Thermal in- 
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accompanying Table A for some test data on plastics.) 

e Summary. Generally, most materials are twice as strong al 
cryogenic temperatures as at room temperature. Lowering the 
temperature Of ‘a. solid will incredse’ tlie yield strength, tensile 
strength, hardness and resistance to fatigue. 

a 1° 35, Ae en . aoe ahs “ue 


\ 
’ 


Electrical Resistance 


e Electrical Insulators. No special low-temperature problems 
are encountered with solid insulators. In fact, insulation per- 
formance improves as temperatures decrease. This condition is 
attributed to the fact that surface-moisture films become less 
conductive. All commonly used cryogenic fluids show goed insu- 
lating properties. 

’ @ Metal Conductors. The extremely low resistivity of metals 
at eryogenic temperatures is already well-known. In most pure 
metals, such resistivity is approximately proportional to the abso- 
lute temperature. The microscopic mechanism responsible for the 
temperature dependence is the interference to the flow of elec- 
trons caused by the thermal agitation of the crystal lattice. At 
very low temperatures, the resistivity approaches a residual value 
almost independent of temperature. This residual resistance is 
attributed to lattice imperfections and impurities. A small im- 
purity introduces a temperature-independent increment to the re- 
sistivity. Alloys have resistivities much higher than those of the 
constituent elements; resistance-temperature coefficients are quite 
low. Constantan (60 parts copper, 40 nickel) has a room- 
temperature resistivity of about 44 microhm-cm while copper and 
nickel separately have resistivities of 1.7 and 6 microhm-cm, 
respectively. Also, while the residual resistances of the pure 
metallic elements at very low temperatures are very small, that 
of constantan is about 95 per cent of the room-temperature value. 

e Electrolytes. These hygroscopic materials are poor insulators 
in ordinary atmospheric environments. However, under cryogenic 
conditions, electrolytic conduction is drastically reduced; these 
materials then may become good insulators. 

e@ Superconductors. Undoubtedly the best-known of the cryo- 
genic phenomena is the sharp decrease and, ultimately, the total 
disappearance of electrical resistance in certain materials as ab- 
solute zero temperature is approached. (The original discovery 
of this phenomenon goes back to work by Onnes in 1911, in 
which the sudden disappearance of resistance in mercury occurred 
at 4 K,) Such materials are known as superconductors; for all 
practical purposes, it can be assumed that the electrical resistance 
is zero and that, in a closed superconducting circuit, an’ elettric 
circuit would continue to flow indefinitely without loss. The. re- 
appearance of normal resistivity when a superconductor is ex- 
posed to a magnetic field (the Silsbee hypothesis) is at the 
heart of such developments as the cryotron and superconducting 
magnets. In a superconducting state, materials also exhibit zero 
magnetic induction {the Meissner effect). A considerable num- 
ber of superconducting compounds has been discovered, many 


sulation is clearly a functional problem in any cryogenic 
application. 

Many areas of fundamental and application research like- 
wise have a common ground. A study of the superfluidity of 
liquid helium at temperatures approaching 2 K may be 
eventually applied, for example, to the design of frictionless 
devices. At this temperature, liquid helium has a transition 
point marked by a tremendous increase of heat capacity as 
well as a zero viscosity. 

The physical properties of the major cryogenic fluids 
can be given as follows (some variations in these values ap- 
pear in the literature) : 


Critical 

temper- Critical 
ature, pressure, 
deg K atm 


Boiling 
point 
at 1 atm. 
deg K 


Freezing 
point, 


deg K 


2.26 <0.80 
2.80 13.99 
3 


Helium 1.26 5.29 

Hydrogen 20.43 33.22 l 
Neon 27.00 15.00 2 
Nitrogen 71.30 126.00 3 


00 24.00 
3.50 63.27 


Oxygen 90.13 154.31 19.71 54.73 
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of them with high transition temperatures that permit utilization 
of superconductivity phenomena at temperatures attainable with 
liquid hydrogen. Highest transition temperature observed so far 
(18 K) is that of the intermetallic compound NbgSn. Other 
intermetallics with high transition temperatures are V3Si (17 K), 
VsGa (16.8 K), NbN (15 K), MoN (12 K) and NbgAu (11.6 K). 
It is important to distinguish between the low resistance exhibited 
by some metals at cryogenic temperatures and the zero resistance 
exhibited by superconductors (usually at 18 K or below). 


Thermal Properties 

@ Thermal Conductivity. Generally, as absolute zero tempera- 
ture is approached, a sharp increase is noted in thermal con-' 
ductivity of pure metals and monocrystalline nonmetallic solids. 
In many instances, such conductivities show values many times 
higher than those exhibited at room temperature. Slight im- 
purities and lattice imperfections may reduce the degree of thermal 
conductivity. Disordered solid dielectrics such as glass and poly- 
meric plastics therefore tend to be poor thermal conductors. 
Thermal conductivity at cryogenic temperatures is particularly 
important in the case of commercial copper. Not all grades per- 
form equally well. 


B. Mean Linear Thermal Expansion, Various Plastics Materials 


| 
Expansion, AL/Li X 105 


Temp, 
deg Molded poly- 
ester re- Cast 
inforced with epoxy Nylon 
glass fiber polymer rod 


tetra- 
fluoro- 
ethylene* 


Poly- 
styrene* 


0 0 0 
10 10 45 
39 37 115 
78 81 200 

126 142 300 
181 217 


* Specimen taken parallel to rod extrusion direction. 


Cc. Mean Linear Thermal Expansion, Various Metallic Materials 


Expansion, AL/Lo X 105 


Temp, |——— prec Ttene ee RED TPN Rien nom eth eae ge 


deg 
1020 low- 
carbon 
steel 


Cu Ni Ti stainless 





For example, the so-called “electrolytic tough pitch” and free- 
machining tellurium copper show far better conductivity than the 
widely used “phosphorus deoxidized” grade. 

e@ Specific Heat. At ordinary and moderately low temperatures, 
only slight increases in the normal specific heats of metals are 
caused by the thermal energy of conduction electrons. At near- 
absolute zero (4 K and lower) however, the contribution of the 
electron energy to the total specific heat is ‘significant and be- 
comes predominant. 

e@ Thermal Expansion. A decrease in linear thermal expansion 
takes place in both metals and nonmetals at low temperatures. 
In the nonmetallic group, reinforced plastics exhibit lower ex- 
pansion values than do other materials; but the actual expansion 
values are dependent on the resin-to-reinforcement ratio. The 
values shown in the accompanying Table B indicate the wide 
range of expansivities shown by various standard plastics; the 
same is shown in Table C for various metallic materials. High- 
expansion materials ig thick sections, however, are likely to 
crack from thermal shock. At cryogenic temperatures, very low 
expansivity is shown by fused silica; consequently, it is employed 
as a reference material in temperature-expansion measurement. 

e Emissivity, Reflectivity, Absorptivity. Data on these prop- 
erties are necessary in cryogenic work since it is frequently nec- 
essary to compute the rate of radiant heat transfer across a 
thermal insulating vacuum. Emissivity (or absorptivity) of metals 
is found to decrease with decreasing temperature. In the elec- 
tromagnetic spectrum involved in cryogenic insulation, metals 
are approximately “grey bodies”—that is, their emissivities and 
absorptivities are almost independent of the wavelength of the 
radiation, 

@ Thermoelectric Effects. Thermoelectricity can be applied to 
the design of low-temperature thermocouple devices, also to the 
design of refrigerators. However, thermoelectric phenomena 
(Peltier effect) vanish in superconductors. This is evident from 
the data in Table D for selected thermocouple materials. 


D. Thermal EMF (Microvolts) for Selected Thermecouples* 


Gold + 2.11 
Temp, atomic per cent Constantan 
deg cobalt and copper and 
magnet wire magnet wire 


Silver + 0.37 
atomic per cent 
gold and copper 

magnet wire 





o 
17. 
47. 
89. 
142. 
173. 
259. 
869. , 
1836. 784.4 


* Source: The information contained in this table has been derived from several 
sources, but principally from Cryogenic Engineering, by Russell B. Scott, Chief, 
National Bureau of Standards Cryogenic Engineering Laboratory (D. Van Nostrand 
Company, Inc., Princeton, N. J., 1959): 


IT. Functional Cryogenic Requirements; Materials Selection Factors 


AN IMPORTANT BODY of data has been developed on the 
cryogenic properties of materials, although not all of this 
information is readily available. The spectrum of materials 
dealt with in cryogenics is quite broad. For example, one 
research program deals exhaustively with the following ma- 
terials under various conditions of configuration, temperature 
load, atmospheric pressure and other environments: stainless 
steel, aluminum alloys, titanium alloys, nickel and cobalt- 
base alloys, solders, structural plastics (including foams), 
casting resins, thermal insulation, electrical insulation and 
adhesives.* 

In addition to such all-inclusive studies, a number of 
reports concentrate on single classes of materials, or on 
special aspects of their characteristics. Since the purpose 
of this article is to present only a state-of-the-art review, no 
attempt will be made to include any extensive materials 
data, except where such data will illustrate a design con- 


* An extensive bibliography at the end of the article provides references to source 
material. 
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sideration or a research direction. (As previously noted, 
the second article in this series will constitute a detailed 
report on the characteristics of materials under cryogenic 
and related conditions. 

Cryogenic materials may be divided into two broad classes 
in accordance with the major functional parameters of 
cryogenic service: (1) structural (mechanical) strength 
and (2) thermal insulation. However, it would be an over- 
simplification to overlook the many other factors (frequently 
complex) that are related to such applications. Weight 
limitations may have to be considered. Suitability of standard 
processing or fabricating methods may be important. Shock, 
vibration, radiation effects, high vacuum, and temperature 
cycling may be present as combined environments. Effects 
of imperfections and defects in materials which may be of 
little or moderate importance in normal environments may 
assume entirely different aspects under cryogenic condi- 
tions. 

To cite one instance. the strengths of metals increase by 
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approximately UV per cent to 100 per cent over a tempera- 
ture range of +78 F down to —432 F. In equipment where 
the structure is under a maximum load at cryogenic tem- 
peratures it is thus possible to reduce weight by taking 
advantage of the higher strengths at these temperatures. 
On the other hand, the cryogenic susceptibility to extreme 
brittleness exhibited by certain metals must be watched. 
Consequently, the optimum materials would have to show 
a combination of high strength-to-weight ratio, resistance to 
brittle fracture, good metal-working properties, and other 
desirable properties such as corrosion resistance. 

As another example, certain annealed stainless steel alloys 
(consistently excellent performers at cryogenic tempera- 
tures) will undergo a significant phase transformation when 
cooled to approximately —323 F. As a result of this trans- 
formation, the permeability of the alloy may be increased; 
this may be an important consideration if an electrical 
electronic application is involved. 


Metals 


The problem of low-temperature brittleness is of critical 
importance in the selection of metals for cryogenic applica- 
tions. Yet, the evaluation of materials for highly stressed 
parts cannot depend on simple ductility criteria. Extensive 
investigations have shown that for such applications it is 
necessary to rely on toughness data (impact tests) measured 


by notched/unnotched tensile ratios rather than on elonga- 
tion (ductility) tests. Certain carbon steels have been found 
to show elongations of as much as 15 per cent in tensile 
tests at —320 F, yet are glass-brittle in impact tests. On 
the other hand, some high-strength stainless steels with very 
low elongation values (approximately 2 per cent) have 
shown excellent toughness when measured by the impact 
tests previously mentioned. Differences in opinion no doubt 
exist as to the most suitable test methods for the prediction 
of ductility or brittleness in materials in cryogenic service. 
In general, a combination of tensile elongation and impact- 
strength data will provide the determining information. 

A general summary of current data on cryogenic tensile 
properties of metals is given in Table II. Some additional 
comments follow. 

e Aluminum. A considerable amount of data has been 
published on the cryogenic behavior of aluminum and its 
alloys. Generally, these metals (particularly the Al-Mg al- 
loys) perform well. Like all metals, they exhibit higher 
static and fatigue strengths at low temperatures than they 
do at room temperature, but more significantly, their low- 
temperature ductility (even at —423 F) is approximately 
as high or higher than at room temperature. Tensile proper- 
ties alone, however, are not always indicative of the fracture 
behavior of metals under cryogenic conditions. Other tests 
have therefore been developed intended to simulate service 
fracture behavior or crack-propagation characteristics. As 


Table Ii— Summary of Current Data on Tensile Properties of Metals at 
Liquid-Hydrogen Temperatures (—423 F)* 


1. Yield strength, tensile strength 
and elastic modulus of a given alloy 
increase as the testing temperature 


is decreased. 

2. Ductility of a given alloy tends 
to decrease as the testing temperature 
is decreased. For metals that are 
ductile at very low temperatures, plas- 
tic deformation may occur by discon- 
tinuous yielding. 

3. Face-centered cubic metals, some 
cobalt alloys, some magnesium alloys, 
some titanium alloys, tantalum and 
zirconium tend to retain considerable 
ductility at very low temperatures. 


4. A reduction in the impurities, 
interstitial elements, and _ inclusion 
content will increase the ductility at 


—423 F. 


5. Because of the brittleness prob- 
lem, the preferred technique for eval- 
uating alloys for very-low-temperature 
service is based on the notched/un- 
notched strength ratios as well as the 
nominal tensile properties of the al- 
loys at the service temperatures. Tests 
on notched specimens with a suitable 
stress-concentration factor are re- 
quired in establishing the ratios. 

6. To minimize brittle-fracture ten- 
dencies at very low temperatures, 
special precautions should be taken 
in design and fabrication to avoid 
stress concentrations in equipment 
for low-temperature use. 

7. Qualification of welding or join- 
ing techniques for equipment to be 
used at very low temperatures can be 
accomplished only by testing appro- 
priate specimens at the service tem- 
peratures. 


8. Results of tests on a number of 
aluminum alloys (face-centered cubic) 
indicate that there is some latitude 
for selection of these alloys for cryo- 
genic applications. However, where 
welding is required, one of the 5000- 
series alloys should be considered 
(5052-H38 or 5456-H321, for exam- 
ple). Where welding is not required, 
2024-T4 or 2014-T6 aluminum alloys 
have suitable properties for use at 
—423 F. The 7000-series aluminum al- 
loys are too brittle. 

9. The relatively high-strength cop- 
per-base alloys containing beryllium 
have sufficient toughness for use at 
—423 F in the heat-treated and aged 
conditions. 

10. Even though nickel- and co- 
balt-base alloys are normally specified 
for elevated-temperature applications, 
some of these retain considerable 
toughness for use at very low tem- 
peratures also. 

11. At very low temperatures, cer- 
tain titanium alloys have the highest 
strength/density ratios of any of the 
commercial metals used in cryogenic 
applications (except for Type 301 
stainless steel, cold rolled 80 per cent). 
The alpha alloy Ti-5Al-2.5Sn in the 
annealed condition is the most satis- 
factory for use at —423 F, owing to 
its toughness and weldability. 

12. Because of brittleness, low-al- 
loy steels normally are not considered 
for service at very low temperatures. 
However, the low-temperature proper- 
ties of heat-treated SAE 9310 steel 
indicate that this steel might be satis- 
factory for certain cryogenic applica- 
tions. 


13. Cold-rolled and annealed aus- 
tenitic stainless steels have been used 
extensively at very low temperatures. 
Type 301, when cold rolled about 60 
per cent, has good strength and tough- 
ness from room temperature to —423 
F. For maximum toughness with 
somewhat lower strength, cold-rolled 
Type 304 ELC or Type 310 stainless 
steels are recommended. Stainless 
steels in the annealed condition have 
good toughness at —423 F, but lower 
strength than the cold-worked alloys. 


14. Cast austenitic stainless steels 
of standard composition subjected to 
tensile and impact tests show the re- 
tention of useful ductility and tough- 
ness at temperatures as low as —430 
F. Tensile strength increases rapidly 
with decreasing temperature due to 
the strengthening influence of mar- 
tensitic ferrite formed during strain- 
ing. The presence of 0 to 15 per cent 
delta ferrite dispersed throughout the 
austenitic microstructure of the cast 
stainless steels does not result in em- 
brittlement at low temperatures. A 
low carbon content favors high tough- 
ness, regardless of. whether the car- 
bon is dissolved or precipitated. A 
lower _yield-strength/tensile-strength 
ratio at subzero temperatures provides 
better assurance of toughness than 
test-dependent values of tensile duc- 
tility and notched-bar impact resist- 
ance. 


* Source: Battelle Memorial Institute (Defense 
Metals Information Center), except for item No. 
14, the source of which ie “Tensile and Impact 
Properties of Cast Stainless Steel at Cryogenic 
Temperatures,” FE. R. Hell, 196) Meeting, 
ASTM. 
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Table Ill — Average Results of Tear Tests of Selected Al-Mg Alloys at Room Temperature and at —320 F* 


| 
| 


Room temperature 


jEnergy required to 
i onus - 
Maxi- 
mum 
load, 
Ib 


propa- | 
gate 

a crack, | 
in.-lb 


Alloy | 
and 
temper 


Thick- 
ness, 
in. 


0.750 | 


Total 
energy, 
in.-lb 


initiate 
| @ crack, 
| in.-Ib 


Direc- 
tion 


1230 | 
1240 | 


56 138 194 


1090 
1080 
1300 
1320 
1425 
1435 


0.375 


j 
| 
| 
| | | 
AC Ar Ae Ae se se ae lar 
| } | | 


0.375 


5454-H34 





192 


5356-0 | 1245 

1220 
1700 
1605 


214 
182 
5356-H321| 171 


46 110 





166 
152 
157 
127 


54 
56 


1350 
1350 


$083-H113) 0.375 


| 
| 


1650 
1580 


45 
43 


0.375 


i 
j 
| 
| 
| 


159 
141 


1465 
1450 


5456-0 57 


50 


99 
91 


1 


5456-H321 
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1515 
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42 
46 


92 
79 


134 
125 
| | 


Maxi- 
mum 
load, 


Ib 


1520 


1310 


1250 


1600 
1615 


1765 
1700 


1370 
1390 


2055 
1880 


1565 


1540 


1900 


1825 


1655 
1650 


1780 
1715 


1500 


| 
| Change from 
room-temperature value 


—320 F 


Energy required to 


Energy required to 


| | 


Maxi- 

mum 

load, 
Ib 


| propa- | 
gate | Total 

a crack, | energy, | 
in.-Ib | in.-Ib 


propa- 
gate 

a crack, | 
in.-Ib 


Total 
energy, 


initiate | 
| a crack, 
in.-Ib 


initiate 
a crack, 
in.-lb 


106 


+24 +89 | +47 
+21 +38 | +51 
+20 +53 +33 
+16 +43 | +22 
+78 
+47 


308 
276 


295 
252 


202 
186 
183 
157 | 


| 


+62 
+45 
+50 
+30 
+28 
+34 
+50 
+36 


+37 
+42 


+23 
+22 


190 
158 


286 
266 
+55 
+28 


+43 
+31 


172 
154 


275 
249 


+24 
+18 
+10 
+14 
+21 
+17 


94 
+29 
+39 
+62 
+48 

+16 

+37 | 
+18 | 
+29 

+24 

+21 | 
+19 
+15 


+27 
+27 


84 
78 


190 
166 
170 
98 


274 
244 


+31 
+14 | 


256 
150 


86 
52 


+58 
+11 


+36 | 
+31 
<4 
+20 


+38 
+28 
+22 
+30 
+15 
+21 
+21 
+12 


230 +16 

194 

192 

165 
183 

170 


148 
132 


82 

62 
133 
108 
127 
110 | 


59 
57 
56 
60 
+24 | 
Fo | 


52 | 
49 


110 
91 


162 


140 +12 


*Source: ‘‘New Date on Aluminum Alloys for Cryogenic Arplicaticns,”’ J. C. Kaufman and E. W. Joknson, Proceedings of the 1°€0 Cryogenic Engineer- 


ing Conference. 


applied to aluminum, tear tests of selected Al-Mg alloys at 
room temperature and at —-320 F were performed with the 
results shown in Table III. All of the alloys tested required 
loads and energies to initiate and propagate cracks at —320 
F that were as high as or higher than those required at 
room temperature. The differences between the sets of values 
were greater for the lower-strength alloys. For the higher- 
strength alloys, the tear resistances obtained by this test 
were at least as high at —320 F as at room temperature. 

e Transport Properties. The low-temperature transport 
(heat transfer) characteristics of metals and alloys is an 
important consideration in cryogenic applications. A number 
of studies have been made in which the thermal conduc- 
tivities, electrical conductivities, and thermal emf have been 
determined. It may be useful to review briefly here the 
mechanisms that are responsible for the low-temperature 
transport of heat in a metal: 


1. Of the two major mechanisms, the more important one is 
that of electronic thermal conduction—that is, transport of thermal 
energy by the motion of conduction electrons. 

2. The second major mechanism is that of lattice thermal con- 
duction—that is, transport by directional cooperative quantized 
vibrations (phonons) of the interacting lattice ions. 

3. For pure aluminum and the dilute alloys, lattice thermal 
conductivity is insignificant compared to the electronic therm] 
conductivity. 

4. For alloys with several per cent of additives, the decrease 
of electronic thermal conductivity does make the lattice con- 
tribution significant, although still small compared to the elec- 
tronic contribution. 

5. The total conductivity is approximately the sum of the 
electronic conductivity and the lattice conductivity, 


In Figs. 1 and 2, thermal conductivities are given for 
several aluminums investigated in one particular study. 
Figures 3 and 4 provide (respectively) the values for elec- 
trical resistivities and the Lorenz ratio. The results give in- 
dication of the effects of alloying additives on the condue- 
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tion properties. Measurements were also made of grain size 
and hardness. Chemical analyses were performed. 

e Stainless Steel: These materials exhibit an outstand- 
ing combination of cryogenic properties. The second article 
in this series will present detailed data, but it may be 
noted here that the properties of cold-worked 300 series 
include good strength-to-density ratios, superior toughness 
over the range of —423 F to +800 F, good weldability and 
good corrosion resistance, as well as excellent formability. 
The heat-treatable stainless alloys have also been investi- 
gated, owing to their extremely high strength-to-density 
ratios. Some work on cast stainless materials is noted in the 
Table II summary. 

e Copper and Copper Alloys. The cryogenic behavior of 
copper and copper alloys assumes importance in view of 
the steady expansion of the use of these materials as special- 
purpose and standard switches, wiring assemblies, thermo- 
couples and other components in cryogenic instrumentation 
and equipment. In summary, low temperatures have the 
following effects on the mechanical properties of all copper 
alloys: 

Effect of decreasing 
temperature 
increases markedly 


Property) 


tensile strength 


yield strength 
elongation 
contraction of area 
hardness 

impact strength 
fatigue strength 
modulus of elasticity 


increases slightly to substantially 
remains the same or increases slightly 
slight decrease or increase 

increases markedly 

slight decrease or noticeable increase 
increases 

increases 


The principal factors which affect the electrical resis- 


tivity of copper are temperature, cold working, and traces 
of alloying elements. Table IV shows resistivity is approxi- 
mately proportional to the absolute temperature. At tem- 
peratures below —423 F, resistivity approaches a residual 
value which does not change much with further decrease in 
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Fig. 1—Variations in thermal conductivity over a range of 
cryogenic temperatures are shown for several aluminum 
alloys compared to high-purity (99.99 per cent) single-crystal 
aluminum. The alloys are: 

1000-F (commercially pure with fabricated hardness) 

1100-0 (commercially pure, annealed) 

6063-T5 (Si-Mg alloy) 

3003-F (Mn-Al alloy) 


Fig. 2— Thermal conductivity data for 
3003-F compared with these alloys: 
5052-0 (Mg-Cr alloy) 
5154-0 (Mg-Cralloy) 
2024-T4 (Cu-Mg-Mn alloy) 


cm 


resistivity ohm 


Electrical 





50 100 300 
Temperature, deg K 
Fig. 3—Electrical resistivities over a cryogenic temperature 
range for various aluminum alloys. 
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Table IV —Relation of Resistivity to Low 
Temperatures in Selected Copper Alleys* 
| | 
Temperature 
4 Resistivity, 
| Deg F | ohm-cm 


Alloy and composition Deg C 
10-* 
10° 
10 
10 
10 
10° 
10 


Constantan 
(60Cu,_40Ni) 


+400 | +752 | 44. 
+100 | +212 | 44. 

0 | +32 | 44. 
— 50 | — 58 | 43. 
—100 
—150 
— 200 
+100 
+ 20 
—100 
— 200 


oo: 


KKK) KKKKKK XK 


—148 
— 238 
—328 


43. 
43. 
42. 


Pow DO 


rc o- 


Nickel-silver 10-° 
(60.16Cu, 25.37Zn, 
14.03Ni, 0.03Fe, 


traces_Co,{Mn) 


+§.68 33. 10-* 
—148 29. 10-* 
—328 22.9 X 10°: 


oo 


+212 | 33. 


* Source: Bridgeport Brass Company. 
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Fig. 4—Variations of the Lorentz ratio with cryogenic tem- 
peratures for single-crystal aluminum and two alloys. (Source: 
Figs. 1-4 inclusive, “Thermal and Electrical Conductivity of 
Alloys,” W. J. Hall, H. M. Roder, R. L. Powell, Cryogenic 
Engineering Laboratory, National Bureau of Standards.) 
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temperature. The residual low-temperature resistivity of 
electrolytic tough-pitch copper (common copper wire) is in 
a ratio of about 0.002 to 0.009 of its room-temperature 
resistivity. 

The resistivity of a slightly cold-worked (15 per cent 
reduction) high-purity copper (99.999 per cent) before and 
after radiation (at above 212 F) was found to be 0.0144 
10°° and 0.01425 x 10°° ohm-cm, respectively, when tested 
at —452 F. Tests of various types of copper and copper- 
alloy mechanical connections for contact resistance at ap- 
proximately —320 F and —423 F concluded that, with care, 
bolted connections add no significant resistance to the 
electrical circuit. 

The thermoelectric characteristics of copper and copper 
alloys have been applied in the construction of thermo- 
couples used in cryogenic work and service. (Thermal-emf 
values for certain thermocouple combinations are included 
in Table I.) 

e Titanium. An increasing interest in low-temperature 
applications for this metal and its alloys has resulted in 
several extensive studies of mechanical properties under 
exposure at liquid-nitrogen temperature (77 K) and a few 
investigations at liquid-helium temperature (4.2 K). A sum- 
mary of low-temperature tensile data for titanium provides 
the following general conclusions: 


1. Unalloyed titanium shows increased strength as the tempera 
ture is decreased. Ductilities are decreased at very low tempera- 
tures, but remain adequate as low as —320 F. Low-temperature 
ductility is decreased by high interstitial content. 

2. For the alloys, reasonable ductilities at —320 F can usually 
be obtained, provided that the interstitial content is kept low. 
Ductility at low temperatures is higher for alloys when the mic- 
rostructure is equiaxed, rather than transformed. Most of the 
alloys tested showed low ductility at —423 F. Excessive hydrogen 
causes a strain-rate-sensitive loss of ductility in the temperature 
range from —100 F to 0 F. 

3. Notch sensitivity is increased as the temperature is lowered, 
and most of the factors that decrease ductility also increase notch 
sensitivity, These include high“interstitial levels and- transformed, 
or acicular, microstructures. Aifdys heat-treated to high strength 
levels are generally more notch-sensitive than the ‘same alloys in 
the annealed: condition. 


Three outstanding characteristics recommend titanium- 
base alloys for cryogenic applications: strength-to-density 
ratios, good weldability, and excellent corrosion resistance. 
One study reports that on a strength-to-weight basis, at 
least one titanium alloy [A1]10AT alloy (5A1-2.5Sn)] has 
been found superior to the best steel and aluminum alloys. 
Table V compares these alloys at +78 F, —320 F and 

423 F. 

e Solders. Solders play an important part in cryogenic 
applications. A case in point is the ability of solder joints 
to stand up under missile environmental conditions, includ- 
ing temperatures ranging from —423 to +400 F and higher. 
This factor may become a critical point for reliable opera- 
tion of associated electrical and electronic systems. Data are 
required on tensile strengths, shear and impact values, cor- 
rosion resistance and compatibility between the solder ma- 
terials ‘and the mating surfaces. 

e Magnetic Materials. A variety of commercial magnetic 
materials was studied for temperature-dependent core losses 
at 4 K, 76 K, 195 K and*273 K in the frequency range 
of 20 to 1000 cps. The core materials tested included silicon 
and nickel alloys (1-4 SiFe and 48 NiFe). The levels of 
peak induction varied from 2 kilogauss to the maximum 
obtainable while still maintaining a sinusoidal voltage wave 
form with less than 5 per cent distortion. The total losses 
were separated into hysteresis and eddy-current losses. It was 
found that the eddy-current losses could be predicted with 
reasonable aecuracy from the temperature dependence of 
the material resistivity. The behavior of the hysteresis loss 
was found to be more complicated, predictions of its tem- 
perature dependence being less reliable. 
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Table V — Titanium, Aluminum and Stainless Steel 
Alloys Compared for Tensile Strength at 
Cryogenic Temperatures* 


Tensile 
| Test Tensile strength 
| Density,| temp, | strength, density 
| Ib/in.? si | X10 
301 stainless .290 | 
steel (60% . 290 
cw) | 0.290 


Alloy 
217,500 0 
315,000 | 1 
326,000 1 


+ 78 
—320 
— 423 


Aluminum .097 
alloy .097 
(5052-H38) .097 


45,000 | 90 
60,800 | 0.63 
85,500 0.88 
119,000 0.74 

197,500 | 1.23 

245 , 000 1.52 


+ 78 
—320 
—423 
Titanium alloy | .161 + 78 
(SAI-2.5Sn) 161 —320 
161 | —423 





* Sotirce:' “Selection of Materials for Cryogenic Applications in Missiles and 
Aerospace Vehicles," J. F. Watson and J. I 
(internal report). 


Christian, Convair- Astronautics 


In the accompanying tabulation for two SiFe and NiFe 
materials, the ratio of eddy-current losses (P) at one tem- 
perature are compared to the losses at 273 K; also shown 
are the resistivity values (p): 


Px 
Pr 


3 SiFe id 1.8 
48 Nike 3 |} 2.19--| 22 


The values are determined at a maximum induction of 
10 kilogauss and at a frequency of 200 cps. It will be 
apparent that the eddy-current losses could be predicted 
with reasonable accuracy from the resistivity data for the 
NiFe alloy, but less so with SiFe. It appears that with the 
latter alloy the losses increase considerably more than would 
be indicated by the resistivity values alone. An explanation 
of these conditions requires a consideraton of the domain- 
wall structure and other processes beyond the scope of this 
review. 

e Superconducting Alloys. A number of superconducting 
devices will be ‘described in the closing section of this 
article. Comment will be made here on the extensive re- 
search now underway directed toward the development of 
alloys that will remain superconducting in large magnetic 
fields at the highest possible transition temperatures, while 
retaining satisfactory physical properties. Of the latter, 
ductility is particularly desirable. 

Of the previously available superconducting alloys, the 
niobium-tin compound, Nb,Sn, exhibits the highest known 
transition temperature (18 K). Recent research work has 
‘indicatéd that this alloy can remain superconducting at 
4.2 K in fields as large as 88.000 gauss while carrying a 
current of 150,000 amp/cm?. This alloy however, is distinctly 
brittle; consequently, special metallurgical techniques are 
necessary to form magnetic circuits able to withstand the 
mechanical forces produced by the very high magnetic fields 

Recent disclosures reveal work on several new materials 
(niobium-zirconium, niobium-titanium and _  vanadium-ti- 
tanium alloys) that show evidence of combining adequate 
ductility with satisfactory superconduetivity. In molybdenum- 
technetium, another alloy with a relatively high transition 
temperature value (close to 16 K) is now available for 
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further study. Generally, the currei: :esearch developments 
point to the eventual practical availability of ductile alloys 
abe to remain superconducting at temperatures close to that 


of liquid helium (4.2 K) and in a field of 200,000 gauss— 
possibly higher. 


Nonmetallic Materials 


In nonmetals, thermal insulating materials predominate 
in importance and will be discussed later. Plastics laminates 
are tested for their tensile properties from room tempera- 
ture down to liquid hydrogen temperature. Phenolic/glass- 
fiber materials have been tested, also composites using glass- 
fiber reinforcement with other resins, such as silicone, poly- 
ester, epoxy. and the fluorocarbons. Much of this work is in 
relation to structural parts and utilizes the well-known sand- 
wich type of construction (laminate faces and a foam core). 
Tests are made on combined variables. such as high-tem- 
perature shear, thermal conductivity, thermal expansion, 
and combined cryogenic and high temperatures (that is, 
one side of a panel is exposed to a cryogenic temperature 
and the other face to a high temperature, say +500 F or 
over). For thermal insulation, a great many combinations 
of materials have been evaluated, including permeable low- 
density materials such as inorganic powders and certain 
fibrous composites (for vacuum-type insulating systems) and 
glass-fiber batts, impregnated aluminum-silicate laminates, 
ceramic foams and plastics foams (for nonvacuum systems). 
Laminar systems consisting of alternate layers of aluminum 
foil and submicron glass-fiber mats are one of the more 
recent developments, and have found use in critical applica- 
tions owing to an extremely low thermal conductivity. 

Nonmetallic materials form a key area of cryogenic in- 
vestigation. They are used not only in the structural areas 
of missiles and space vehicles. but also in the electronic 
systems. For example, tests were made on the behavior of 
various organic adhesives for binding silicon crystals and 
ceramic wafers for solar-battery applications. The adhesive 
bonds were subjected to thermal cycling from +78 to —320 
F. Adhesives evaluated include polyester, polyurethane, 
epoxy, modified epoxy, and rubber-base materials. Despite 
some opinion that adhesives are not quite reliable at cryo- 
genic temperatures, satisfactory results have been reported 
for polyurethane and polyester adhesives in certain tests 
requiring cycling from +78 F to —320 and —423 F. 

e Seals and Gaskets. Cryogenic temperatures are usually 
extremely severe on elastomeric materials used for seals and 
gaskets. At about —100 F, most of these materials become 
hard and glass-like and lose their resilience. Owing to a 
sharp differential in the coefficients of thermal contraction 
between the organic elastomers and the adjoining metal 
surfaces, a drop in the temperature toward the cryogenic 
region causes the seal to pull away from the sealing surface. 
4 technique developed at the National Bureau of Standards 
Cryogenic Engineering Laboratory has made it possible to 
use elastomeric O-ring as static seals at —323 F by placing 
them under very high compression stress (as high as 80 
per cent) before they are subjected to low temperatures. 
Tests indicate that flat gaskets made with similar techniques 
from plastics films will exhibit quite satisfactory results. 
In comparative tests, gaskets made of 10-mil Mylar polyester 
film maintained a seal without failure for 1] hr at —323 F 
at 32 to 1000 psi while under vibration at 30 to 500 cps. 
Compressive force of only 5 ft-lb of torque on each of six 
\4-in. bolts was necessary. 

Fluorocarbon and modified fluorocarbon materials have 
been utilized effectively for cryogenic gasketing and seals. 
Evaluations have been made on mechanical load-deformation 
behavior (also on molecular diffusion) for samples exposed 
to liquid hydrogen. Particularly good results have been ob- 
tained with a Teflon-impregnated and enameled asbestos 
gasket. 
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Table Vi — Comparison of Thermal Conductivities 
(K) of Solid and Foamed Materials at Room 
Temperature and Standard Pressure* 


| Foam 


Solid 





K, Btu-in. Density, | K, Btu-in./ Density, 
Material |hr-sq ft-deg F| lb/cu ft |hr-sq ft-deg F Ib/cu ft 
Glass 
Polyester | 
Polystyrene | 
Epoxy 
Rubber 


-8 mm 1 0. 4-10 
5 120 =| 0.20-0.30 2-10 
6 69 0.26 2.5-10.0 
5 70 0.30 | 6 
1 75 0.19 | 7 
| 
| 


* Source: “‘Cryogenic Insulation Systems,’ Peter E. Glaser and Igor A. Black, 


Arthur D. Little, Inc. 


e Embedment and Encapsulating Components. The cryo- 
genic behavior of encapsulating and potting resins, electrical 
insulation, magnet wire, and various electrical /electronic 
components is being studied under various conditions involv- 
ing exposure to liquid hydrogen and liquid nitrogen con- 
ditions. Silicone rubber, polyvinyl chloride, epoxy, and 
fluorocarbon materials are being investigated. Critical con- 
siderations for a magnet wire, for example, would be its 
shrinkage under exposure to temperatures of, say, —320 
to —423 F. Also a factor is the extent of electrical-insulation 
deterioration after low-temperature cooling and flexing. 
Sensitivity to impact loads is still another vital consideration 
with electrical insulation under these conditions. Silicone 
rubber, for example, has been found to withstand loads of 
30-in.-lb. at —320 F. On the other hand, certain casting-resin 
compounds (including silicone rubber, epoxies and PVC) 
have cracked at this temperature. 

Improvements in low-temperature characteristics of various 
organic materials are being sought through various research 
investigations, including studies on the fundamental structure 
of these materials. Modifications through use of fillers, heat 
treatments, pre-stressing and other means are being investi- 
gated. The effects of fabrication and processing both on 
fundamental properties (such as crystallinity) and on service 
characteristics are likewise being studied; X-ray, infrared 
and visible-light analyses are among the techniques being 
employed. 


Cryogenic (Thermal) Insulation 


Cryogenic insulation is best approached from a systems 
concept, developed to meet the specific requirements of a 
given application. These requirements will reflect the limita- 
tions, if any, imposed by weight and space considerations. 
In those cryogenic applications of particular interest in this 
discussion (such as airborne cryogenic vessels and devices), 
both weight and space limitations are of paramount concern. 
In cryogenic laboratory equipment, space is still a major 
consideration, but weight is of secondary importance. 

The insulation-system approach not only provides the 
selection of several insulating materials for optimum insula- 
tion performance, but also makes it possible to integrate the 
design of various sub-units of the equipment (such as the 
load-carrying members) so that the optimum combination 
of insulation performance, weight and space can be achieved. 
Factors such as economy, convenience of application, service 
life and others are additional considerations that are inte- 
grated in a systems approach. Essentially, a compromise is 
usually the result. Although the end objective is the most 
efficient insulation (per unit weight and volume), special 
considerations imposed by a given cryogenic application 
may dictate the selection of a less efficient insulation medium. 

e Dewar Vessels. The most widely used insulation system 
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is based on the dewar vessel,* supported by the introduction 
of filling material in the vacuum ketween the walls of the 
vessel. Filling materials are used to minimize or eliminate 
the difficulties of maintaining a high vacuum. However, the 
introduction of a filling material introduces a problem in the 
form of an increased heat flow from the warm to the cold 
wall of the vessel. Some means are therefore necessary to 
overcome this effect. To understand the various means used, 
a brief statement of heat-transfer mechanisms would be 
useful. These are: (1) heat conduction through the solid, 
(2) conduction and convection by the gas (or air) filling 
the space between the particles of a filling material, and 
(3) radiation across the spaces and through the solid matrix 
of the insulation. 

The following methods for reduction of heat conduction 
through a solid are usually employed: 


1. Break up the conduction path: that is, divide the solid into 
a fine powder or fine fibers perpendicular to the heat flow. (Pro- 
vided there is no agglomeration of the particles under external 
pressure, resistance to the heat flow will form at the surface of 
each particle. Thermal conductivity has been reduced by this 
method from approximately 5.0-1.0 Btu-in./hr-deg F-ft? for solid 
materials to approximately 0.5-0.1 Btu-in./hr-deg F-ft? for the 
same materials in powder or fiber form.) 

2. Decrease the area of the solid path. Glass and plastics foams 
are typical materials with which this method can be employed. 
A 10-fold reduction of thermal conductivity can be attained. (See 
Table VI.) 

3. Modify the preceding methods by evacuating the gas (or 
air) in the interstices of the insulation, since it acts as the princi- 
pal contributor to the total heat flow (see Fig. 5). Although 
the thermal conductivity will still have a finite value after such 
evacuation, the net result will show a sharp drop in the thermal 
conductivity of the powder or fibrous insulation of one order of 
magnitude to K = 0.05-0.01 Btu-in./hr-deg F-ft°. 


The effect obtained with evacuated insulation can be 
explained briefly as follows: 


a. As the pressure is lowered and gas molecules are removed, 
less heat is transferred after the mean free path of the molecules 
exceeds the average particle spacing; gas convection ceases to be 
a factor. 

b. The thermal conductivity at this point decreases substantially 
until a lower limit is obtained when most of the gas molecules 
have been removed. The greater the particle spacing, the lower 
* John Dewar (the first to liquify hydrogen) was the inventor of a double-walled glass 
vessel with a high vacuum in the space between the walls functioning as a thermal 
insulation. All vessels that utilize vacuum insulation to prevent heat flow into a cold 
®pace are now commonly known as dewar vessels or, more simply, as dewars. The 


importance of the invention lies in the fact that this method almost completely elimi- 
nates two of the principal modes of heat transfer—gaseous conduction and convection, 
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Fig. 5—Contribution of each of the major elements of heat 
transfer to total conductivity in relation to density of insula- 
tion: (Source: “Cryogenic Insulation Systems,” P. E. Glaser 
and I. A. Black, Arthur D. Little, Inc.) 


the pressure required for the thermal conductivity to approach 
its lowest value. 


Space available for this discussion does not allow a de- 
tailed review of many available insulation systems and 
materials. To a large degree, such a discussion would be 
concerned with various theoretical aspects of thermal con- 
ductivity rather than with a summary of the thermal char- 
acteristics of materials. However, there are abundant data 
on this subject available both from commercial sources and 
in the technical literature (see Bibliography). 


III. Cryogenic Design Applications 


THE CLOSING SECTION of this review will survey rapidly the 
various investigations of cryogenic principles in the design 
of electrical/electronic devices, equipments and systems. 
The experimental nature of some of this work should be 
noted. 

e Superconducting Cryogenic Motors. Standard motors 
required to operate near cryogenic environments will usually 
be thermally isolated, primarily owing to the difficulties im- 
posed on bearing lubrications. The development of super- 
conducting cryogenic motors, therefore, is for an entirely 
different purpose. Operation of such motors is essentially 
free of internal electrical and mechanical losses. By suitable 
orientation of superconducting “bearing” coils about the 
rotor surface, a magnetic field is created in which the rotor 
“floats” in liquid helium, helium gas or high vacuum without 
mechanjcal contact with the coils. (The same principle has 
been applied to the rotor construction of the cryogenic 
gyroscope.) 

Commercial niobium metal is used for rotor construction, 
owing to its relatively high superconducting transition tem- 
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perature of 4.2 K and the resulting high critical field—as 
high as 4200 oersteds. (The critical field is defined as that 
field density which causes the superconductor to become 
resistive.) Briefly, the operation of this motor is based on the 
following phenomena: 


Magnetic flux lines parallel to the surface of a superconductor 
cause surface currents to develop in the superconductor which, in 
turn, produce fields which prevent the original flux from entering 
the superconductor. Flux lines so repelled exert a force upon 
the superconductor, which acts like an insulator of magnetic lines. 
This force is proportional to the second power of the flux density; 
its magnitude is limited by the critical magnetic field of the 
particular superconductor used in the application. 


Small shaftless synchronous motors have been operated at 
up to 1200 rpm with all parts flooded with liquid helium, 
also at 20,000 rpm under a vacuum of 10-* mm Hg. Direct 
shaft output is believed to be feasible where the motor is 
operating another cryogenic device, such as a liquid-helium 
circulating pump. However. if a shaft is required to a room- 
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temperature region, certain heat-transfer and sealing prob- 
lems arise that cancel out the advantages of the cryogenic 
motor. 

e Cryogenic Bearings. In certain applications it is neces- 
sary to make provisions for a rotating shaft to operate at 
cryogenic temperatures—as, for example, in pumps used to 
transfer liquified gases. In equipment operating at ex- 
tremely high speeds, it would be possible to employ gas- 
lubricated bearings, but such bearings are limited in their 
use in regard to load-carrying capacity. Work has therefore 
been done on conventional bearings to determine their ability 
to operate in liquid hydrogen and liquid helium at moderately 
low speeds. Investigations have pointed to the ball separator 
as the weak link in the bearing structure. As a result of 
continuing studies, it has been determined that ball bearings 
containing filled FEP-fluorocarbon (Teflon) separator ma- 
terials were superior to other materials. At the liquid- 
nitrogen temperature, filled FEP-fluorocarbon material ex- 
hibited a: relatively low coefficient of friction, also a high 


resistance to wear. Although data on the thermal coefficient 
of expansion of the filled fluorocarbon material from 300 K 
to 76 K were not available, it was evident from the test 
results that the relative thermal coefficient for this material 
and the 400 C stainless steel used for the ball and race 
construction did not impair satisfactory operation. (Other 
stainless materials may offer some additional advantage in 
respect to durability and wear resistance.) For any specific 
application, it is obviously desirable to select the best pos- 
sible combination of materials for both the ball and race 
structure and the ball separators. Configurations of the 
various parts also play their role in optimum design. 

In addition to the referenced source material (see Bibli- 
ography), some later work in ball bearings is briefly sum- 
marized in Table VII. 

e D-C Cryogenic Transformer. Normally, transformers are 
considered only for a-c applications, since the core material 
would be saturated when used in d-c circuits. In order to 
support a steady d-c voltage across either the primary or 


Table Vil— Current Developments Reported at the 1961 Cryogenic Engineering Conference* 


1. Testing of Ball Bearings with 
Different Separator Materials at 
9200 rpm_ in Liquid Nitrogen 


Loaded ball bearings incorporating 
five different separator materials were 
evaluated running in liquid nitrogen 
at 9200 rpm. The separator materials 
tested included: silver-plated, forged 
silicon-iron bronze; polytetrafluoro- 
ethylene (TFE); highly inert sili- 
cate-filled TFE; TFE-impregnated 
glass fiber; and a copolymer of tri- 
fluorochloroethylene and _ vinylidene 


fluoride (modified TFCE). As in pre- - 


vious tests, the non-metallic, low-fric- 
tion materials gave better performance 
than the metallic materials. As part 
of this study, the hardness of several 
materials used for the rolling elements 
of ball bearings was determined as 
a function of temperature to —320 F. 


2. Dry-Gas Operation of Ball Bear- 
ings at Cryogenic Temperatures 


Unlubricated ball bearings have 
been successfully operated in dry-gas 
atmospheres at temperatures from 22 
to 300 K. Primary testing has been 
done with hydrogen gas. Bearings with 
a 10-mm bore and filled TFE separa- 
tors were tested at a speed of 9200 
rpm and thrust loads ranging from 
20 to 100 lb. The parameters studied 
include gas flow rate, gas tempera- 
ture, bearing torque and bearing load. 
At a given set of conditions, prelimi- 
nary results indicate that a critical 
minimum gas flow rate exists for suc 
cessful operation 


3. Epoxy-Nylon Adhesives for Low- 
Temperature Applications 


A new series of adhesives—epoxy- 
nylons—were evaluated from —423 F 
to +78 F with metal-to-metal and plas- 
tic-to-plastic lap-shear, butt-tensile, 
and impact specimens. In addition, 
honeycomb sandwich panels consist- 
ing of metal faces bonded to a fiber- 
glass core were subjected to tests in 


pi-tension and plate shear. The epoxy- 
nylons proved superior in lap-shear 
to all other classes of adhesives pre- 
viously examined over this temperature 
range with the same _ adherends. 
Thermal cycling from room tempera- 
ture to cryogenic temperatures has no 
appreciable effect on room-tempera- 
ture lap-shear strength, The use of 
primers and etchants to provide bet- 
ter room-temperature properties often 
results in drastic reductions in lap- 
shear strength at cryogenic tempera- 
tures. 


4. Electron Tunneling and Super- 
conductivity 


The voltage dependence of currents 
produced by electron tunneling 
through thin dielectric layers between 
superconducting metal films has been 
examined. In the first experiments, 
Al and Pb were separated by AloOs; 
later work has involved organic mono- 
layers between films of Pb, Sn and In. 
The voltage-current characteristics are 
exceedingly nonlinear and, under 
properly chosen conditions, exhibit a 
region of negative resistance. A theo- 
retical analysis provides excellent 
quantitative agreement with the data 
and demonstrates that the experiment 
provides a simple and accurate means 
of measuring the conduction-electron 
energy-gap in superconducting metals 
under the influence of various para- 
meters. While the research program 
is still in an early stage of develop- 
ment, the form of the: characteristics 
and their sensitivity to temperature 
and magnetic field have suggested 
many interesting circuit applications 
of the tunneltron, either alone or in 
combination with other superconduct 
ing circuit elements such as the cryo 
tron. 


5. Thermistors as Cryogenic-Tem- 
perature Sensors 

The use of thermistors as sensors 
for temperature measurements in liq- 


uid nitrogen and liquid hydrogen has 
been investigated. Thermistors are 
econcmical, sensitive, fast, reproduci- 
ble, and small enough to act as point 
sensors. There are possible disadvan- 
tages. The leads are fragile and easily 
torn away in a stream. Each thermis- 
tor needs to be calibrated under exact 
conditions of use, Nevertheless, therm- 
istors are recommended, and if rea- 
sonable precautions are followed, 
thermistors are capable. of. tempera- 
ture recordings better than 50 mil- 
lideg over limited ranges. 


6. Tensile-Compression-Shear Loop 
for Irradiation Testing at Cryogenic 
Temperatures 


A test loop for determining tensile 
compression and shear properties of 
materials while under nuclear irradia- 
tion at cryogenic temperatures is con- 
tained in a 6-in. diam tube, has a 
capacity of 5000 lb, provides for test- 
ing specimens at temperatures as low 
as 30 deg Rankine under nuclear ir- 
radiation, and is remotely operated. 
Data are presented that show correla- 
tion with that obtained in conven- 
tional test machines. [The Rankine 
temperature scale is an absolute scale 
that corresponds to the Kelvin scale 
but is based on the absolute zero of 
the Fahrenheit system. Zero degrees 
R is equivalent to —459.69 F.] 


* Source: The summaries given here are based 

on abstracts of papers (of the same titles)° in- 

cluded in the program of the 1961 Cryogenic En: 
gineering Conference, held August 15-17 .at the 

University of Michigan under sponsorship. of the 

National Bureau of Standards, . Boulder, Col 

orado, and the University. The respective author 

credits are. as follows: 

1. J. A. Brennan, W. A. Wilson,.R. Radebaugh 
and B. W. Birmingham, Cryogenic Engineer 
ing Laboratories, National Bureau of Stand 
ards. 


D. B. Chelton, J. A. Brennan and L. E. Scott, 
CEL, NBS. 


. J. Hertz, Convair- Astronautics. 


. S. Shapiro, P. H. Smith, J. L. Miles and J. 
Nicol, A. D. Little, Ine. 
. P. E. Martin and H. Richards, The Martin 
Company. 
6. W. L. Bridge and A. M. Liebschutz, Loekheed 
Aircraft Corporation 
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Fig. 6—Details of a cryogenic d-c transformer showing super- 
conductivity windings, also superconducting shields that pro- 
vide uniform field distribution. (Source: “The Direct Current 
Transformer,” J. B. McFerran, Proceedings of 1960 Cryogenic 
Engineering Conference.) 
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secondary windings, however, a constantly changing flux is 
needed in the core material; this is possible only while the 
core does not saturate. Once saturation takes place, the 
voltage must drop to zero and, consequently, the d-c power 
transformed must also be zero. The use of a superconducting 
secondary resolves this problem, since in this case no steady 
d-c losses occur. Steady-state voltages across either the 
primary or secondary are zero, so that no change of flux 
is required. The core is not saturated, but remains at a 
particular value of flux level determined by the previous 
mode of circuit operation. Although under this condition the 
voltage is still zero (and therefore there is still no d-c power 
transformed), it is important to realize that the supercon- 
ducting secondary will support a steady d-c current related 
to the primary circuit by the usual transformer ampere-turn. 

The theoretical and practical design factors in the con- 
struction of a cryogenic d-c transformer are covered in the 
referenced literature. The applications can be quite exten- 
sive, among them: 


1. Excitation of a magnetic (frictionless) bearing suspension 
system (see previous description of the superconducting cryo- 
genic motor). In a transformer designed for this purpose, the 
primary windings consist of a conventional layer-wound coil using 
10-mil superconducting niobium wire; the secondary consists of 
a few turns of a heavy niobium wire joined externally to the 
magnetic bearing. Both windings are embedded in a solid ingot of 
iron, as shown in Fig. 6. The niobium magnetic shields at the 
winding surface provide a uniform field distribution, 

2. Low-temperature materials studies, The sample under test 
is used as a single-turn closed secondary circuit. Current in the 
sample would then be equal to total primary ampere-turns. De- 
sign of a transformer for materials studies presents a_number of 
difficult problems, among them the need for the transformer to 
remain operating in the cryogenic environment while provision is 
made for changing the sample. Also necessary is a method for 
independently measuring the current in the sample. A suitable 
arrangement is made by means of a sensing coil coupled to the 
sample (single-turn secondary) and connected to a calibrated 
flux meter. A superconducting wire is employed for the primary, 
and superconducting (niobium) shields encase the transformer 
core and primary to assure uniform field distribution. 


In general, the d-c cryogenic transformer -offers sub- 
stantial advantages for current- and field-testing under 
cryogenic temperatures. Currents of the order of several 
thousand amperes can be produced at these temperatures 
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Fig. 7—Construction of infrared detector cell with an integral 
cryogenic cooling system. The infrared cell is mounted within 
a dewar as shown. Direct heat transfer through the inner wall 
provides cooling. Alternatively, a thermal conductor, such 
as a sapphire rod, may be used. The cooling medium may be 
liquid nitrogen (77 K), liquid neon (27 K), or liquid helium 
(4 K). (Source: Linde Company, Division of Union Carbide 


Corp.) icnnsoeill 


without introducing excessive thermal conduction. The high 
current capacity of the windings makes it possible, when 
desirable, to reduce their size and weight drastically. 

e Helium Refrigerators. Several helium refrigeration 
systems (essentially, helium liquifiers) have been designed 
in which the refrigeration cycle can produce temperatures 
only several degrees above absolute zero. One such self- 
contained system (designed for cooling and maintaining an 
integral electronic device under continuous operating con- 
ditions and a wide range of ambient conditions) provides a 
refrigeration temperature of 4.2 K. The system comprises 
two units: the refrigerator and the compressor. The first 
consists primarily of a refrigerator circuit, a mechanical 
drive unit, a J-T (Joule-Thomson) heat-exchanger circuit, 
a radiation shield, and a vacuum insulation jacket with 
associated vacuum pumps. The compressor consists mainly 
of a modified commercially available hermetic compressor 
and a helium-purification system. 

This particular system has been through an operation test 
—-when last reported, with over 400 hr of running time. 
The system provides an excess of 750 milliwatts of useful 
refrigeration at 4.2 K (correspondingly smaller amounts of 
refrigeration at lower temperatures within system capa- 
bility). Temperature stability is within 0.06 C. The com- 
pressor requires about 3 kw power and free access to air 
cooling. Several other helium refrigerator systems have been 
described in the literature. 

e Infrared-Cell Cooling Systems. The cryogenic refrigera- 
tion-system principle has been applied to auxiliary or built- 
in cooling systems for infrared devices. These cooling systems 
have been developed to take advantage of the phenomenon 
that a substantial improvement in performance characteristics 
is realized when an infrared device is cooled in cryogenic 
temperatures. 

Several types of infrared cooling have been developed. 
some of them commercially. Generally, two principles are 
involved: (1) closed-cycle systems (continuously operable 
devices that incorporate small gas compressors in series with 
heat exchangers and expanders),..and (2) open-cycle sys- 
tems that expend the coolant and require appropriate re- 
filling. Infrared cooling systems are of three general types: 


a. integrally mounted with infrared detection cells (see Fig. 7) 
b. liquid-gas feed system for direct cooling of infrared cells 
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c. dewar cell equipped with infrared sensing element; used in 
conjunction with a suitable feed system. 


These cooling systems have been designed for use with 
liquid nitrogen (77 K), liquid neon (27 K) and liquid 


helium (4 K). In addition to their use with infrared devices, 
certain of these cooling systems can be used in other appli- 


oy 


cations where a 
is needed. 

Since airborne and space applications are of paramount 
importance, space and weight considerations are important 
in the design of these systems. Some of the cooling units 
can be described as “miniature,” weighing only about 8 oz, 
and measuring only 3 or 5 in. overall in either length or 
diameter. 

Theoretical figures for the improvement in long-wavelength 
response of a hypothetical infrared detector under cryogenic 
refrigeration have been given as follows: 


spot-cooling” to a cryogenic temperature 


Long wavelength Detector 
cutoff, microns temperature, deg K 
3 300 
5 180 
7 128 
10 90 
13 69 
15 60 
e Microwave Applications. By lowering the temperature 
of the emitting crystal in a maser to a temperature close to 
absolute zero, the gross effects of thermal lattice vibration 
in the crystal can be reduced so that it does not interact 
with the basic absorption-emission process. This phenomenon 
occurs at about 20 K; consequently, it is possible to employ 
liquid hydrogen in cryogenic conditioning of masers. How- 
ever, liquid helium is commonly preferred, so as to avoid 
the hazard of flammability. 


e Superconducting Rectifiers. The fundamental theory of 


superconducting rectification has been applied to a variety 
of rectifying and amplification devices. The reader will recall 
that a superconducting element can be shifted from a super- 
conducting state (zero resistance) to a normal state (resis- 
tive) and back again by varying the intensity of the sur- 
rounding magnetic field. 

A number of devices has been developed, both low-power 
and high-power rectifiers, ring oscillators and others. For 
example, the cryotron can be used as a rectifier by feeding 
in an a-c signal and quenching it on al*ernate half-cycles 
with an appropriate solenoid control current. A high-current 
rectifier will operate on the same principle as the cryotron, 
but will use iron-core electromagnets in place of the super- 
conductor solenoid windings to produce the quenching field. 
Currently, an interesting application of a liquid-helium- 
cooled coaxial termination has been described. A 50-ohm 
termination has been constructed with a voltage standing- 
wave ratio less than 1.05 at 960 mc when cooled by immer- 
sion in liquid helium. Another unit is under construction 
for use at 2388 mc. 

e Superconducting Magnets. Considerable work has been 
done in this area. The cryogenic design advantages in- 
clude the ability to obtain high-field devices of compact 
size. The design problems include the selection and process- 
ing of superconducting alloys that will provide the highest 
possible critical field while carrying a reasonably high 
current. 

Applications of superconducting magnets have been made 
in solid-state research. Potential applications are seen as 
replacements for large conventional magnets in particle ac- 
celerators, particle focusing, and plasma confinement in 
thermonuclear reactors. The latter would require very high 
fields—30 to 100 kilo-oersteds. 

Niobium, because of its high critical field, has been the 
preferred choice for superconductive coils. The critical field 
is the highest of any known element and can be extrapolated 
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to 6.3 kilo-oersteds at 4.2 K and 8.25 kilo-oersteds at 0 K. 
This figure provides an approximate limit of the field obtain- 
able with an air-core niobium solenoid. With an iron core, 
the limit can probably be extended to 25 kilo-oersteds, sub- 
ject to careful design. Fields in excess of 25 kilo-oersteds 
appear to be beyond the capability of wire-wound solenoids. 
The possibility of utilizing thin-film magnets is therefore 
being explored. 

e Superconducting Switching Devices. Much information 
has been published in the literature on the cryogenic binary 
switching element known as the cryotron. This development 
has gone through several stages—the latest, known as the 
film-type cryotron, using a thin-film superconductor. The 
basic phenomenon of superconductive rectification is at the 
heart of cryotron and all similar devices, and needs no 
further exposition here. 

e Cryogenic Instruments. The field of cryogenic research 
and applications requires special laboratory equipment and 
instruments able to operate in cryogenic environments. Con- 
siderable work has been done in the area of cryogenic 
capacitance gages, resistance thermometers, bridges, bolom- 
eters and other devices, as well as precision laboratory 
cryostats. Special design parameters, including selection of 
materials of construction, are reviewed in the literature. 


Summary 


The field of cryogenics has been examined here from three 
directions: cryogenics as (1) environment, (2) * phenomena 
and (3) applications in the field of electrical /electronic de- 
vices. equipment and systems. The impact of cryogenics on 
science and technology in many varied areas is already of 
tremendous importance. Its impact on the field of particular 
interest here (electrical /electronic applications) is already 
significant and is almost certain to grow in many directions. 

Obviously, in a state-of-the-art review such as this one, 
only brief references could be given to many developments; 
the detailed bibliography at the end of this article will 
enable the reader to obtain further information where 
needed. 000 


Acknowledgments 


The following organizations have cooperated in the preparation 
of this article by providing source data and general comment: 


Aluminum Company of America, Alcoa Research Laboratory. 
New Kencineten. Pennevlvania 

Battelle Memorial Institute, Columbus, Ohio 

Bell Telephone Laboratories, Murray Hill. New Jersey 

Boeing Airplane Company, Seattle, Washington 

Convair-Astronautics (now General Dynamics-Astronautics) . 
San Dieso, California 

General Electric Company, General Engineering Laboratory, 
Schenectady, New York 

Linde Company. Division of Union Carbide Corporation, New 
York, New York 

Arthur D. Little, Inc., Cambridge, Massachusetts 

The Martin Company. Baltimore, Maryland 

Monsanto Research Corporation, Everett, Massachusetts 

National Bureau of Standards, Cryogenic Engineering Labora- 
tory, Boulder Colorado 

Owens-Corning Fiberglas Corporation, New York, New York 

United States Stee] Corporation, Pittsburgh, PennsyJvania 


In particular, individual members of the staffs of the Cryogenic 
Engineering Laboratory, National Bureau of Standards, Linde 
Company Division of Union Carbide Corporation, A. D. Little. 
Inc., and Battelle Memorial Institute have been generous with 
their observations and copies of their publications and papers. 


The foregoing article, together with Part 2 (to 
appear in a subsequent issue), will be made avail- 
able in combined-reprint form. 


ELECTRO-TECHNOLOGY 





Bibliography 


Vote: The author has drawn on the various books, reports and 
papers listed here for source material used in the preparation of 
this article. 


I. Definitions; Basic Cryogenic Effects 


Cryogenic Engineering, Russell B. Scott, D. Van Nostrand Com- 
pany, Inc., Princeton, N. J. (1959). 

Advances in Cryogenic Engineering, Vol. 6, Proceedings of the 
Sixth Annual Cryogenic Engineering Conference, K. D. Tim- 
merhaus, Editor, Plenum Press, Inc., New York, N. Y. (1961). 
Also see Vols. 1-5 inclusive, representing Proceedings of the 
preceding Annual Cryogenic Engineering Conferences. 

“Superconductivity,” K. D. Timmerhaus, J. L. Bishop, Jr., and 
R. H. Cowgill.* 

“Cryogenics—A Survey,” A. Juster and P. K. Shizume, /RE 
Transactions on Components Parts, March 1960, p 26. 

‘Applications of Cryogenics to Electrical and Electronic Design,” 
R. J. Allen, Electrical Engineering, January 1961, p 433. 

“Cryogenic Fluids for Space Propulsion Systems,” E. L. MeCand 
less, Linde Div., Union Carbide Corp. 


If. Functional Cryogenic Requirements; Materials Selection 
Factors 

“Selection of Materials for Cryogenic Applications in Missiles 
and Aerospace Vehicles,” J. F. Watson and J. L. Christian, 
Convair-Astronautics (internal report). 

Vechanical Properties of Structural Materials at Low Tempera- 
tures, R. Michael McClintock and Hugh P. Gibbons, National 
Bureau of Standards, Washington, D. C. (Monograph 13, June 
1, 1960). 

Cryogenic Materials Handbook, Cryogenic Engineering Labora- 
tory, National Bureau of Standards, Boulder, Colo. (Quarterly 
reports available through Office of Technical Services, U. S. 
Department of Commerce, Washington 25, D. C., PB 161 093-1, 
PB 161 093-2 and PB 161 093-3). 

Reriew of Current Data on the Tensile Properties of Metels at 
Very Low Temperatures, J. E. Campbell, Defense Metals In- 
formation Center, Battelle Memorial Institute (DMIC Report 
L48, February 14, 1961). 

“New Data on Aluminum Alloys for Cryogenic Applications,” J. 
G. Kaufman and E. W. Johnson.* 

“Thermal and Electrical Conductivity of Aluminum and Alumi- 
num Alloys,” William J. Hall, Hans M. Roder and Robert L. 
Powell, CEL National Bureau of Standards, Boulder, Colo. 

“Low-Temperature Transport Properties of Commercial Metals 
and Alloys—II. Aluminums,” R. I. Powell, W. J. Hall and H. 
M. Roder, Jour. Appl. Phys., Vol. 31, No. 3, March 1960, pp 
496-503. 

“Tensile and Impact Properties of Cast Stainless Steels at Cryo- 
genic Temperatures,” E. R. Hall, 1961 Meeting of the Ameri- 
can Society for Testing Materials. 

“Electrical Properties of Copper Alloys for Cryogenic Instru- 
mentation,” C. L. Bulow, Bridgeport Brass Company (unpub- 
lished manuscript). 

“Low-Temperature Thermal Conductivity of Some Commercial 
Coppers,” R. I. Powell, H. M. Roder and W. M. Rogers, 
Jour. Appl. Phys., Vol. 28, No. 11, November 1957, pp 1282- 
1288. 

Tensile Properties of Titanium Alloys at Low Temperatures, J. 
E. Campbell, Defense Metals Information Center, Battelle Me- 
morial Institute (DMIC Report 107, January 15, 1959). 

“Temperature Dependence of Magnetic Losses,” J. J. Cniewek 
and Robert L Powell, CEL, National Bureau of Standards. 

“Superconductivity in High Magnetic Fields at High Current 
Densities,” J. E. Junzler, American Physical Society, Washing- 
ton, D. C., April 27, 1961. (Bulletin of American Physical So- 
ciety, Vol. 6, p 298, April 1961.) 

“Transition Temperatures of Superconductors,” B. T. Matthias, 
American Physical Society, Washington, D. C., April 27, 1961. 

“Utilization of Plastics in Seals for Extreme Environments,” 
F. W. Tipton, G. E. Trepur and R. S. Roper, Technical Papers, 
Vol. VII, 17th Annual Technical Conference, Society of Plas- 
tics Engineers, Washington, D. C., January 1961. 

“A Simplified Determination of Crystallinity of Fluoroplastics 
and the Prediction of their Behavior at Cryogenic Tempera- 
tures,” R. Mowers.* 


* An asterisk after a literature reference indicates that the cited paper appears 
in Advances in Cryogenic Engineering, Vol. 6, the Proceedings of the 1960 Cryo- 
genic Engineering Conference, op cit. 


SEPTEMBER 1961 


“Development of High-Ethciency Insulation Employing Radiation 
Shielding Techniques,” I. A. Black, A. A. Fowle and P. E. 
Glaser, 1959 Cryogenic Engineering Conference. 

“Low-Temperature Insulating Systems,” R. M. Christiansen, M. 
Hollingsworth, Jr., and H. N. Marsh, Jr., 1959 Cryogenic Engi- 
neering Conference. 

“Characteristics and Applications of Some Super Insulations,” 
P. M. Riede and D. I. J. Wang, 1959 Cryogenic Engineering 
Conference. 


“Ultra-Low Temperature,” O. A. Hansen, Chemical Engineering, 


February 23, 1959. 
“Cryogenic Insulation Systems,” P. E. Glaser and I. A. Black, 
Arthur D. Little, Inc. 


lil. Cryogenic Design Applications 

“Superconducting Cryogenic Motors,” K .F. Schoch.* 

“The Cryogenic Gyro,” J. T. Harding and R. H. Tuffias.* 

“Evaluation of Ball Bearing Separator Materials Operating Sub- 
merged in Liquid Nitrogen,” W. A. Wilson, K. B. Martin, J. A. 
Brennan, and B. W. Birmingham.* 

“The Direct Current Transformer,” J. B. McFerran.* 

“A Helium® Refrigerator,” C. J. Rauch.* 

“A New Refrigeration System for 4.2 K,” W. E. Gifford and T. 
E. Hoffman.* 

“Infrared Cell Cooling Systems,” Technical Bulletin, Linde Com- 
pany, Division of Union Carbide Corp., New York, N. Y. 

“The ADL MinIRcooler,” Technical Bulletin, Arthur D. Little, 
Inc., Cambridge, Mass. 

“Design Considerations for Cryogenic Liquid Refill Systems for 
Cooling Infrared Detection Cells,” G. C. Haettinger, R. P. 
Skinner, and R. A. Trentham.* 

“Infrared Detector Refrigerators,” J. S. Tyler and J. A. Potter.” 

“Superconducting Rectifiers,” J. R. Purcell and E. G. Payne.* 

“A Liquid-Helium-Cooled Coaxial Termination,” C. T. Stelzried, 
Proceedings of the IRE, July 1961, p 1224. 

“A 6-Megacycle Cryotron Ring Oscillator,” M. L. Cohen, Pro 
ceedings of the IRE, January 1961. 

“Superconducting Magnets,” V. D. Arp and R. H. Kropschot.* 

“A Review of Superconductive Switching Circuits,” A. E. Slade 
and H. O. McMahon, Proceedings of the National Electronics 
Conference, October 7-9, 1957, Chicago, III. 

“Cryogenic Devices in Logical Circuitry and Storage,” J. W. 
Bremer, ELectricAL MANUFACTURING, February 1958, p 78. 
“Thin-Film Cryotron Catalog Memory,” A. E. Slade and C. R. 
Smallman, Solid-State Electronics, Vol. 1, Pergamon Press, Lon- 

don (1960), pp 357-362. 

“Thin-Film Cryotrons,” C. R. Smallman, A. E. Slade and M. 
L. Cohen, Proceedings of the IRE, September 1960, p 1562. 
“Problems and Limitations in Cryotronics,” M. L. Cohen, The 

Solid State Journal, September-October, 1960. 

“Superconductive Circuits for Computing Machines,” V. L. New- 
house, ELEctro-TEcHNOLOGyY, April 1961, p 78. 

“Low-Temperature Thermocouple Thermometry,” R. L. Powell, 
M. D. Bunch and L. P. Caywood.* 

“Reproducibilities of Carbon and Germanium Thermometers at 
4.2 K,” M. H. Edlow and H. H. Plumb.* 

“Superconducting Resonant Cavities,” E. Maxwell.* 

“Spaceborne Cryostats for Continuous Operation,” G. A. Zotos.* 

“A Cryostat for Liquid Nitrogen Cooling of Rocket-Borne Photo- 
multiplier Tubes,” J. E. Tracy, Arthur D. Little, Inc.; and F. 
K. Dearborn, Air Force Cambridge Research Center. 

A Bibliography of Cryogenic Literature by Staff Members, Arthur 
D. Little, Inc.; present edition comprises 120 references. 

Pritt ttt ttt ttt 
ise 
“Sseseguessssssessee™™ 
Articles in the Science & Engineering series to which 
this article is related are: 


Heat Flow Theory—April 1959 

Key to Metals in D-s'gn Engineering—May 1959 
The Fundamental Properties of Plastics—August 
1959 

Thermoelectric Effects—February 1960 


All are available in reprint form—see page 169. 





DESIGN Trends 


Edited by Michael M. Meyers, Associate Editor 


Measuring Functional Accuracy of Hall-Effect Generators 


SIGMUND HARAC, Project Manager 
Kearrotr Div., Generat Precision, Inc. 
Little Falls, N. J. 


APPLICATIONS of the Hall ac- 
tion* are found in solid-state synchros 
and resolvers.t One such precision re- 
solver, built by Kearfott, makes use of a 
pair of Hall-effect generators mounted 
norma] to each other in a uniform 
magnetic field. From the expression for 
the Hall voltage 

V;,, = KIB sin 6 


USEFUL 


where 

V,=Hall output voltage 

& = control current 

B = flux density 

@ = angle between B and / 

it can be seen (Fig. 1) that rotation of 
the Hall-effect generators in the field 
is accompanied by a sinusoidal output 
from one generator and a cosinusoidal 
output from the other. The control cur- 
rent is maintained constant and its fre- 
quency determines the Hall output fre- 
quency. 

This article deals with the method 
and equipment used to check the func- 
tional accuracy of the solid-state re- 
solver. Functional accuracy defines the 
extent of departure, at any point of ro- 
tation, of the Hall output from the true 
sine value. Measurement of this charac- 


Function Generators Using the Hall Effect,” L. J. 
Brady and M. A. Melehy, Evecrrica MANUFACTURING, 
August 1960, p 62. 


' A development program in this area is underway 
at Kearfott for the Bureau of Naval Weapons 


Fig. 2 


Hall-effect generators. 
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teristic in a Hall-effect device presents 
several problems not encountered with 
wound resolvers. First, the signal levels 
are substantially lower —on the order 
of a few hundred millivolts, as com- 
pared to 26 volts or more in wound 
components. This accentuates measure- 
ment inaccuracies arising from noise, 
ground loops, etc. Second, measurement 
difficulties arise from magnetoresistance 
(change in resistivity of a material 
when inserted in a magnetic field) in 
the Hall-effect generators, which causes 
variations in the internal crystal im- 
pedances as the unit is rotated in the 
magnetic field. This leads to varia- 
‘ions in (a) output impedance, and (b) 
control circuit impedance, which results 
in variations of control current. The ex- 
tent of this effect depends upon the 
semiconductor material used. In turn, 
the choice of material is based largely 
upon the ultimate use of the Hall de- 
vice. Commercial units incorporate 
crystals of indium antimonide, indium 
arsenide, or indium arsenide phosphide. 
These generators normally have output 
impedances of 1 ohm or less. Among 
the generators assembled at Kearfott 
are units incorporating crystals of 
germanium and silicon, which present 
substantially higher output-impedance. 

The measuring circuits described be- 
low for testing Kearfott’s solid-state 
resolver have also been applied to com- 


mercial units. 


tional accuracy of Fig. 3 
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Fig. 1—Resolver with two crystals normal 
to each other in the presence of a mag- 
netic field. 


A Functional-Accuracy Measuring Cir- 
cuit for Commercial Generators. The 
test set-up is pictured in Figs. 2 and 3. 
The electromagnet is capable of pro- 
ducing fields up to 15 kilogauss with 
the air gap used. The Hall-effect gen- 
erators are mounted on an indexing tilt 
table that permits rotation around their 
own axes. This enables close spacing of 
the pole faces in order to obtain a 


Laboratory set-up of Hall resolver. 
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strong uniform field around the crystals 
without magnetic fringing effects. 

The measurement-circuit schematic 
is shown in Fig. 4. Basically, the. test 
method consists of comparing the. Hall 
output with the signal from the Gertsch 
ratio transformer. With the ratio trans- 
former at minimum setting, the Hall- 
effect generator is positioned for mini- 
mum output, as shown by a null on 
the null detector. This defines the zero 
rotation point for the solid-state re- 
solver. The generator is then rotated 
90 deg and the ratio transformer is ad- 
justed to its maximum setting. At this 
point, a null is obtained by adjusting 
the circuit containing resistors R6, R7 
and R8 and capacitor Cl. This circuit 
provides coarse and fine adjustments of 
the amplitude and phase of the refer- 
ence signal. 


Null 
detector 


Values of functional accuracy are ob- 
tained by rotating the generators to 
intermediate positions in the magnetic 
field and noting the settings of de- 
pressed buttons on the ratio transformer 
when null is obtained. Each setting is 
then compared to the true sine value 
for that position as indicated by the 
calibrated scale on the tilt table, and 
the results are described as per cent 
errors, 

Frequency of the audio oscillator 
and gain of the audio power amplifier 
may be varied to obtain the required 
input to the test circuit. Since the in- 
put is applied through the same trans- 
former to both the Hall-generator con- 
trol circuit and the reference circuit, 
the system is relatively insensitive to 
source amplitude and frequency varia- 
tions. Resistors R2 and R5_ permit 
further adjustment of the control cur- 
rent to the Hall-effect generator. 

For the Hall output readings to be 


Fig. 4—Cireuit for measuring functional accuracy of commercial Hall generator con- 
taining low-impedance commercial crystal. 
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meaningful, both the magnetic field 
and control current must remain uni- 
form and constant for the duration of 
the test. In the absence of a constant- 
current generator source, however, the 
control current tends to vary as the 
generator is rotated in the magnetic 
field because of magnetoresistance ef- 
fects. The circuit containing Rl, R3, 
R4, R5, and the VTVM is used to com- 
pensate for control-current variations. 
The VTVM is a separate null detector 
which goes off null when the position 
of the Hall-effect generator is altered. 
Resistors R3 and R4 are then readjusted 
until the null condition is restored. 
Checking Generators of Germanium 
and Silicon. Certain modifications must 
be made to the circuit described above 
in performing functional error checks 
on Hall-effect generators which incorpo- 
rate germanium or silicon crystals. 
The reason is that the increased im- 
pedances of these units de-sensitize the 
bridge measuring circuit to the extent 
that only three-place adjustments of 
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Fig. 5—Cireuit for measuring functional accuracy of Kearfott Hall generator contain- 


ing high-impedance crystal. 


the ratio transformer may be reliably 
detected. Therefore, the bridge circuit 
must be revised to restore original- 
measurement sensitivity. On the other 
hand, the greatly reduced magnetore- 
sistance effect in the germanium and 
silicon generators assures an almost 
constant value of control current over 
the full rotation of the generator. This 
permits removal of the separate con- 
trol-circuit bridge network described 
above. Revised circuitry is shown in 
Fig. 5. 

The revised circuit also contains an 
additional network (consisting of Rl, 
R2, and C1), which represents one type 
of zero-field cancellation circuit used 


to compensate for the Hall output in 
the absence of a magnetic field. This 
voltage, which is also known as mis- 
alignment voltage, is one of the chief 
causes of functional error, especially 
since it varies as a function of the posi- 
tion of the unit within the magnetic 
field. 

Checking the Measurement Circuit. 
In order to set up a reliable evaluation 
tool for Hall crystals and associated 
control networks, it was necessary to 
check the measurement circuit itself. 
The configuration used to check the 
circuit is shown in Fig. 6. This circuit 
differs from the test circuit shown in 
Fig. 3 in that the Hall-effect generator 
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(with control circuit) has been tem- 
porarily removed from the measure- 
ment circuit, and replaced with a 
decade voltage-divider source driven 
from a winding on the output trans- 
former. 

Repeatability and linearity checks 
are performed by varying the decade 
voltage divider and noting the corres- 


Audio 
oscillator 


Ratio 
tronsformer 


Null detector 


500 ohms 10k 


Fig. 6—Cireuit for checking the measuring circuit. 


ponding ratio transformer settings at 
null indication of the meter. These 
settings are compared to the different 


A Band-Pass Filter Slide Rule 
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Full section Attenuation 
———————— 


IN DESIGNING FILTERS by the image- 
parameter method, it is usually imprac- 
tical to draw curves for all possible 
combinations of conditions. Between 


Design eqs (full section) 
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Fig. 1 — Characteristics of five important types of filters. 
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voltages appearing across the 6-ohin 
resistor at each adjustment of the 
decade voltage divider. OoO0O°0O 


any two neighboring curves, there must 
be some distance, so that an error is 
automatically introduced. Such errors 
can be eliminated by converting the 
necessary data to scales and forming 
a slide rule so that any practical com- 
bination of conditions can be considered. 

Five important types of filters are 
shown in Fig. 1 with their attenuation 
curves and design equations. The slide 
rule developed here is applicable to 
the design of these filters. 

The transmission constant, 6, of the 
filters shown in Fig. 1 is defined by the 
equation 


cosh @ = 1 + Z,/2Z, (1) 
where 


Z, =series arm impedance 
Z. = shunt arm impedance 


and @ is a complex quantity equal to 
a + jp. 

Te prove the feasibility of making the 
slide rule, it is desirable to represent 
the attenuation in a form containing 
only a ratio of frequencies. Considering 
the filter in Fig. 1(a), 

7 =R+j(oh- J 
Oh) 
where 
2xfl, 


R, = 0 


(3) 
ais eet 
m( fe = Ji) 
_ fam fe 

i 4nf?R 

It should be noted that Q is the quality 
factor of the coil alone. By substituting 


Eqs (3), (4) and (5) into Eq (2), 
we have 


lL, = (4) 


C (5) 


ELECTRO-TECHNOLOGY 





Slant 
on this 
Power 


Supply 
j 


i S 
iy 0-325 vde 
@800ma, 
Stabilized to 
0.01% 


(even at the angle shown) 


HB GROUP optional 0.1% or 0.01% regulation: B® PACKAGED: 3%” HIGH x19” Wx 14%” D: 
oe | es EQUIPPED FOR REMOTE PROGRAMMING 


amass | cae 1s eis AND CURRENT REGULATED OPERATION. 
35500 wT 0305 HB 40M This remarkably compact capability derives from a unique hybrid 


design which employs semi-conductor components in the 
ee a - ne oo $595.00 reference amplifier for optimum regulation characteristics, and 


vacuum tubes in the power stage of the series regulator for 
FOR COMPLETE SPECIFICATIONS, WRITE FOR CATALOG B-611 high voltage reliability. 


SEPTEMBER 1961 Circle 150 on Inquiry Card 





DESIGN Trends 


SE AEE ET ELS SE BOER NE AC IE, 


>  2Pf. .2R0P-f,) 
> ee ee es Ji 
pe 90" fh ©) 
where Aj is the bandwidth, /, — f,. 
Similarly, the shunt impedance is 
-RCfe + fi) 
a 7 
The ratio Z,/2Z. is then 
me Pay, . --2-P . 
2% ~~ =f) + 0G 7) © 


Attenuation in the Stop Band. For 
nominal values of Q, the imaginary 
value of Eq (8) is negligible, and only 
the real part of the transmission con- 
stant is considered. Thus 


_ f—f2) 
oa 


cosh 2 = ] (9) 
Equation (9) can be written in two 
forms, one for frequencies below the 
pass band and the other for those above 
the pass band. These are, respectively, 


_ {1 -— S/f") 
 (fe/fi? — 1 


cosh — l 


(10) 


2i1 — (f/f) 
coha +1 =" (a) 


These equations describe the filter in 
terms of frequency ratios which are 
ideal for adaptation to the slide rule. 
The ratio f,,/f. defines the bandwidth, 
while f/f, is always less than one and 
i/f. is always greater than one. 

For practical considerations, the fil- 
ters to be designed with the slide rule 


must not have bandwidths less than 1] 
per cent of the center frequency nor 
greater than 40 per cent of the center 
frequency. (That is, if the center fre- 
quency is 100 kc, the bandwidth cannot 
be narrower than 1 ke or wider than 
40 ke.) The slide rule will also be 
limited in its use in calculating attenua- 
tion at frequencies very far from the 
cutoff points. This, however, is not too 
detrimental since the designer is usually 
not too interested in these values. 
Insertion-Loss Calculations. When 
calculating insertion loss inside the 
pass band, the imaginary term in Eq 
(8) must be taken into consideration. 
For minimum attenuation in the pass 
band, the real part of Eq (8) must 
equal one so that the relation becomes 


cosh 6 = 1+ Z,/2Z, 
2f? 


1 +I OG =H 


(12) 
The attenuation now depends only on 
the imaginary part, which in turn de- 
pends on the Q factor and the relative 
bandwidth. 


a 
1 QC? —f2) 


cosh 6 = (13) 
It can be shown that the real part of 
the attenuation is a minimum when 


f =0.77V fe +fe (14) 
Substituting Eq (14) into Eq (13), 


<2. fees) y 
cosh 6 = j OlCfs/f? — 1] (15) 


By using trigonometric identities, it can 
be shown that the imaginary nature of 
Eq (15) can be avoided by converting 
ihe equation to 

(fe/fi)? + 1 


sinh a = OlUz/fo® — 1) (16) 


Attenuation Equations for Filters Shown in Fig. 1. 


Figures l(a) and (b 
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Figures 1(c) and (d) 
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Attenuation at Cutoff Frequencies. 
Substituting f, for f in Eq (8), 


fi? 


iii QC fe? — fi?) 


(17) 
Then 
ae 
cosh 6 = 1 + J oM (18) 


where M = (f./f,)? — 1. 
By trigonometric identities, it can be 
shown from this that 


9 
“ 


—-1+v1+ Me 


sink? a = 


(19) 


An investigation of Eq (19) shows the 
possible scale ranges for the slide rule. 
The Q factor will be limited between 
two extreme values: 10 and 300. The 
values of M for practically realizable 
LC filters lie between 0.02 and 1.25. For 
these conditions, the limits for the QM 
factor are 0.2 and 375. When QM = 0.2, 
sinh a 10 and the attenuation at 
f, is 26 db. When QM = 375, sinh 
a = 0.073 and a = 0.625 db. The 
values of attenuation on the slide rule 
must therefore cover this range. 

The attenuation at f, can be found 
from Eq (8) by letting f = f.. Then 


2 


cosh é@ = —1+ 7 Oll — O/f»] 


9 
=~itjog =) 


where M = 1] (f,/f.)*. The expres- 
sion for sinh? a is the same as that in 
Eq (19), except for the value of M. 

The equations derived so far apply 
to the filter sections in Figs. 1(a) and 
l(b). These and the equations for 
Figs. 1(c) and 1(d) are given in the 
accompanying table for reference. Of 
the filters shown in Fig. 1, the most 
widely used is Fig. 1(c). For this rea- 
son, the slide-rule scales used here are 
based on this circuit. |They apply also 
to Fig. 1(d).] The procedure for mak- 
ing the slide rule adaptable to the 
other circuits will be given later. 

Construction of Slide Rule. Cut out 
Figs. 2(a) and 2(b) and glue them to 
cardboard. Cut a third piece of card- 
board the same size as Fig. 2(a) to 
serve as backing. Cut out the center 
of Fig. 2(a) and cut off the edges of 
Fig. 2(b). Place these edges of Fig. 
2(a) between Fig. 2(a) and the back- 
ing as shown in Fig. 3. Staple these to- 
gether and insert the slider | Fig. 2(b) ] 
between them. 


Instructions for Use 


1. To find the insertion loss inside 
the pass band, set the index (arrow on 
the slide) to f,/f, ratio on scale 9. 
Opposite the Q factor on scale 4, read 
the attenuation on scale 2. For instance, 
for f, == 185 ke,, f, =- 145 ke, and 
Q = 200, set arrow at f./f, = 1.074 on 
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A SIGNIFICANT BREAK-THROUGH 
IN TRANSISTOR TECHNOLOGY... 


ECDC 


The Best High-Power, High-Speed Switching 
Transistors Ever Developed Provide the Optimum 
Combination of Voltage, Power, and Speed 


The Sprague ECDC Transistor is the first to combine the optimum 
features of the electro-chemical precision-etch techniques and dif- 
fused collector techniques in one highly-mechanized process. 

The ECDC Transistor meets these 7 conditions for an ‘‘ideal?’ 
transistor: 


= 


1. Very low collector-to-case thermal resistance through the utilization of 
high thermal conductivity material as the collector body, resulting in 
high power dissipation. 


TYPES 2N2099 & 2N2100 


Sprague's new Types 2N2099 and 
2N2100 are the first registered types 
available in the ECDC Transistor family. 
These P-N-P Germanium Electro-Chemical, 
Diffused-Collector Transistors are espe- 
cially designed for high current core 


driver applications. They feature excellent beta 


2. Thin base width for high radiation resistance and lower storage time. 


linearity from less than 1 ma to over 400 ma, high 


3. Precision-etched emitter pit permits placement of emitter junction at frequency response, and low saturation resistance. 
proper resistivity for optimum breakdown voltage and frequency response. The low-height TO-9 case is ideally suited to meet 


4. High conductivity surface surrounds emitter pit and close emitter-to-base 
spacing results in extremely low base resistance. 


5. Precision-etched collector provides optimum control of collector series 
resistance with attendant low saturation voltage, low storage time, and 
high breakdown voltage. 


6. Low collector series resistance as a result of the use of high conductivity 
material for the mass of the collector area. 


7. The structure and manufacturing processes are suited for automated 
production equipment with immediate in-process feedback. 


SPRAGUE COMPONENTS 


TRANSISTORS INTERFERENCE FILTERS HIGH TEMPERATURE MAGNET WIRE 
CAPACITORS PULSE TRANSFORMERS CERAMIC-BASE PRINTED NETWORKS 
MAGNETIC COMPONENTS PIEZOELECTRIC CERAMICS PACKAGED COMPONENT ASSEMBLIES 
RESISTORS PULSE-FORMING NETWORKS FUNCTIONAL DIGITAL CIRCUITS 
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equipment designers’ needs. 


For prompt application engineering assist- 
ance, write Commercial Engineering Sec- 
tion, Transistor Division, Sprague Electric 
Company, Concord, N. H. 


For Engineering Data on ECDC Transistors, 
write Technical Literature Section, Sprague 
Electric Company, 307 Marshall Street, 
North Adams, Mass. 


*Trademark of Sprague Electric Co. 


Bella aela sae 


‘Sprague’ and ‘@ are registered trademarks of the Sprague Electric Co 
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Fig. 2 
Slider for filter slide rule. 


Instructions for assembling rule. 
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scale 9. Read attenuation of 0.6 db on 
scale 2 opposite Q of 200 on scale 4. 

2. To find the attenuation at cutoff 
frequencies, set index to f,/f, on scale 7 
(for upper end of pass band) or scale 
8 (for lower end). Read attenuation on 
scale 1 opposite the Q factor on scale 
4. For instance, using the same figures 
as above, set index to 1.074 on scale 8. 
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-(a) Front portion of slide rule for calculating filter performance (see text for instructions on assembly and use); (b) 


Attenuation at lower cutoff is then 2.4 
db on scale 1 opposite 200 on scale 4. 
For upper cutoff, set index at 1.074 on 
scale 7. Attenuation is 2.2 db on scale 1. 

3. To find attenuation outside the 
pass band, the index is set on the value 
of f./f, on either scale 7 or 8, depend- 
ing on whether the interest is in values 
above or below the pass band. Then 
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calculate f,/f and f./f, and, opposite 
these values on scale 5 (for low side) 
or scale 6 (for high side), read at- 
tenuation on scale 3. For instance, us- 
ing the same figures as above, to find 
the attenuation at 130 kc, set the index 
to 1.074 on scale 8. Opposite f,/f = 


155/130 = 1.039 on scale 5, read at- 
tenuation of 12.3 db on scale 3. To find 
the attenuation at 150 kc, set the index 
to 1.074 on scale 7. Opposite f./f = 
145/150 = 0.967 on scale 6, read at- 
tenuation of 10.8 on scale 3. 

For the filters in Figs. 1(a) and 1(b), 
four of the scales must be changed 
as follows: 


Scale Change to 


5 f/fe 
f/fi 


low 


high 


High-Speed Analog-to-Digital Converter 


ADVANCES IN THE development of big- 
ger and faster data-processing systems 
have created the need for rapid means 
of converting analog to digital informa- 
tion. The MicroSADIC system (Fig. 1) 
designed by Consolidated Systems 
Corp.. a subsidiary of CEC/Bell and 
Howell, is a transistorized automatic 
analog-to-digital converting system 
capable of operating at speeds up to 
10,000 samples per sec. It can be sup- 
plied to accept up to 100 channels of 
data from transducers or magnetic tape 
recordings of telemetered pulse-data- 
modulated (PDM), pulse-amplitude- 
modulated (PAM) or frequency-modu- 
lated (FM) multiplexed data. To 
process telemetered multiplexed data, 
the system accepts a magnetic tape 
record from any existing tape transport 
and discriminator. One trace of PAM 
or PDM data or up to 20 tracks of FM 
and time data can be played back at 
any one time. Output is in the form of 
a digital magnetic tape. 

As shown in Fig. 2, the first function 
in the operation of the system is the 
commutation of the inputs. The high- 
speed commutator is composed of 20 


transistor switches and five-pole relays. 
Each transistor switch, when 
takes a sample from one data source. 
As soon as the first five switches have 
acted, the relays disconnect these five 
and connect another five. This continues 
through the 20 switches, after which 
the sweep is repeated without pause. 
Each switch opens or closes in about 
3 microsec and maintains contact with 
each channel for approximately 100 
microsec. 


closed, 


One or more low-speed commutators 
can also be used ahead of the high- 
speed commutator. The low-speed com- 
mutators can accept 100 inputs each, 
divided into groups of five. When the 
high-speed commutator sweeps through 
one of its groups, the low-speed com- 
mutator disconnects these five inputs 
and connects another group to the 
same five lines. Any number of channels 
in increments of 20 can be connected 
sequentially to the high-speed commu- 
tator. If more than 100 channels are 
to be sampled, additional low-speed 
commutators can be used. 

Noise during switching is negligible 
because the input sample is taken after 


Fig. 1— Typical installation of Micro- 
SADIC system. 


<x 


Fig. 2— Block diagram of analog-to-digital converter system. 
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To find the attenuation in the stop 
band above the center frequency for 
the filters in Figs. 1(a) and 1(b), set 
the index to f./f, on scale 8. Read the 
attenuation on scale 3 opposite the 
ratio of f/f. on scale 5. 

The attenuation for the constant-K 
filter shown in Fig. l(e) is the sum 
of the attenuation of one section of 
Fig. 1(a) or 1(b) and one section of 
l(c) or 1(d). Since each at- 
tenuation curve is asymmetric, the 
attenuation curve of the constant-K 
section is symmetric. O00 


Fig. 


the switches are stabilized. Maximum 
current per transistor switch is 2 ma. 
An optional sample-and-hold circuit 
holds each output signal from the com- 
mutator as a constant potential source 
for evaluation to avoid ambiguity which 
may result if the voltage changes while 
digitization is in progress. 

The digitizer accepts the analog data 
input and derives proportional digital 
values. The unit is composed of a re- 
sistor matrix in a ladder configuration. 
One end is grounded and the other is 
the digital-to-analog potential output. 
A series of switches introduces equal 
current increments into the matrix, 
first near the top and then at steps 
closer and closer to ground. As each 
switch is closed, the voltage at the out- 
put is changed in successively smaller 
increments because of the smaller re- 
sistance to ground for each added cur- 
rent. 

Each switch is assigned a digital 
value proportional to the increment in 
output potential caused by the current 
it delivers to the network. The digital 
value of the last increment is one. Each 
switch down the ladder is closed and 
a differential amplifier compares the 
potential from the matrix with the data 
potential. If the data potential is 
greater, the switch is left closed. If 
the matrix output is greater, the switch 
is re-opened. Polarity of the amplifier 


Digital 


storage 
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MACALLEN BUILT-UP MICA... 
BETTER BECAUSE OF MACALLEN 


Materials 


NATURAL MICA IS ONE OF THE FINEST 
electrical insulating materials known. And 
the binding material used in Macallen 
built-up mica is one important reason 
why Macallen mica retains the many de- 
sirable qualities of natural mica. 


Combined with Macallen experience and 
manufacturing techniques, this binding 
material results,in a mica that can take 
almost any form or size . . . and a mica 
that can be punched, sawed, drilled or 
molded. 


Find out how the many advantages of 
Macallen built-up mica can solve your 
insulating problems. Call or write for 
Catalog 25. No charge or obligation. 


It was at the turn of the cen- Macallen Built-Up Mica 
tury that the Macallen Com- makes better insulation be- 
pany was first launched. And cause mica 

in the intervening 60 years, 
Macallen has developed the 
manufacturing skill, special ® is chemically inert 
equipment and technical 

knowledge that has made ® is unaffected by water, sol- 
Macallen Mica a standard of vents, nearly all acids and 
quality throughout the entire atkalles 

electrical industry. will not burn 


® has high dielectric strength 


: The first name in mica 
For the most in mica — specify Macallen ... for more than 60 years, 


THE MACALLEN COMPANY 
Bay Road * Newmarket * N.H. 
Chicago: 565 W. Washington Blvd. Cleveland : 1231 Superior Avenue, N.E. 
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output determines whether the switch 
considered shall be open or 
After all switches have been 


being 


c lke sed. 


iried, the weighed arithmetic sum of 
the digital values of the switches re- 
maining closed is the digital equivalent 
of the incoming data voltage. 

The counting decades of the standard 
MicroSADIC will count up to eight 
binary-coded decimal digits or to 32 
binary bits. Four more decades may be 
added if desired. 

The central control unit of the sys- 
tem is the programmer. It turns the 
other units on and off and commands 


Optimal Electromagnet Design 


TURE LINDSTROM 
Dundee, Florida 


THE CONVENTIONAL practical unit for 
magnetomotive force, “ampere-turn,” 
can be misleading or actually meaning- 
less in many real magnetic configura- 
tions. A straight current-carrying con- 
ductor or a half-turn carrying a current 
will create a definite magnetic field, 
but evaluation in terms of ampere- 
turns will lead to extreme error and 
perplexity. In multi-turn coils, also, the 
ampere-turn concept may be misleading 
because the number of physical coil 
turns may be quite different from the 
actual current-multiplying effect of the 
coil in producing flux. 

Certain particular magnetic-circuit 
design examples can best demonstrate 
the value of concentrating attention 
upon the active currents involved in 


Fig. 1—Magnetic structure and coils for 
Design Problem No. 1. 


144 


magnetization and avoiding the ampere- 
turn convention. In the design exam- 
ples following, the principle employed 
is to consider the number of passages 
or linkages of the current through the 
magnetic field; this is called the cur- 
rent factor, is designated by the symbol 
\V, and may or may not be the same 
as the number of mechanical turns in 
the coil, as is clearly evident in the 
first design example. 

e Design Problem No. 1: In the 
stainless steel ring of Fig. 1, find the 
flux density at the center line for the 
three various conductor arrangements 
a, b and c, if the corresponding currents 
are 1, = 120 amp, /, = 30 amp, and 
/. == 60 amp. 

Data: The magnetic characteristics 
of the stainless steel are shown in Fig. 
2. Ring cross-sectional area A = 1.0 
sq cm, length of path L at ring center 
line = 10 cm = rD. 

Solution: By observation. “current 
factors” for the three conductor ar- 
rangements are V, = 1. N, = 4 and 
\ 2. Then 


magnetomotive force 
=F = 0.40nIN = 1.257 IN 
151 gilberts 
for all three cases; 


field intensity 
H = F/L 
15.1 oersteds (gilberts /em) 
field density 
B = 10,400 gauss at center line of 
ring section (from Fig. 2) 
minimum length of iron path 
= r(D 1) = xD 7 
= (10 r) cm 
and the maximum length, similarly, 
= 13.14 cm. Maximum flux densities 
B in these two paths are 11,800 gauss 
and 8700 gauss, respectively. The cal- 
culated B for the cross-section center 
line, 10,400 gauss, is generally assumed 
to be the average, so that total flux 
@ = AB = 10,400 maxwells for the 
Iron section. 

From the foregoing. it is seen that 
the flux density is the same for all 
three coil configurations. This result 
would not have been obtained by the 


them to perform their functions. It 
determines the format in which output 
information is recorded. Format varia- 
bles are lines per sample, lines per 
word, samples per word, words per 
block, and block gaps. Four types of 
information may be recorded on the 
tape. These are constants, accumulated 
time, digitized data and other data from 
any suitable external source. The pro- 
grammer is made flexible by the use of 
a 180-jack patchboard. oo°0 
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Fig. 2-——- Magnetization characteristics, 
stainless steel bar, 0.10 per cent carbon, 


14 per cent chromium, 0.4 per cent zir- 
conium. 


Fig. 3—Magnetic structure for Design 
Problems Nos. 2 and 3. 


literal use of the “ampere-turn” con- 
vention, which would have led to N,/, 
= 0, N,/, = 60 and N,/J, = 120 am- 
pere-turns. 

e Design Problem No. 2: Magnetic 
holding force in a joint. In the struc- 
ture of Fig. 3, magnetization of the 
iron circuits is due to a “U”-shaped 
conductor or to two conductors carry- 
ing equal currents in opposite direc- 
tions. What is the total perpendicular 
holding force in the joint or interface 
if the conductor current = 1000 amp? 
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Only 1-1/2 ounces (including the switch plate) 


Heinemann’s new Series VP may well 
be the lightest circuit breaker made. 
For sure, it’s one of the smallest and 
most compact you'll find around. 
Yet, remarkably, it’s capable of 
handling all the functions of much 
larger Heinemann breakers. 

It is temperature-stable.. Current 
rating and calibrated trip-points are 
completely unaffected by ambient 


temperature. No derating . . . ever. 

It is available with a choice of 
time relays. You can have either a 
“fast” or “slow” delay. Or instan- 
taneous response. 

It can be furnished with any of 
Heinemann’s special-function inter- 
nal circuits. With a little ingenuity 
and a special circuit, you can make 
the breaker do such out-of-the- 


ordinary chores as remote switching, 
circuit “slaving,” alarm signaling. 

The matchbox-size Series VP is 
available in any integral or frac- 
tional rating you might need, from 
0.050 to 15 amps (at 110V, 60 or 
400 cycles AC, or 50V DC). 

Bulletin VP will give you detail- 
ed specifications and dimensions. A 
copy is yours for the asking. 


HEINEMANN ELECTRIC COMPANY <@ 101 BRUNSWICK PIKE, TRENTON 2, N.J. 
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Data: Dimensions are as shown in 
Fig. 3. The magnetic material is cold- 
drawn steel bar having the characteris- 
tics indicated in Fig. 4. The joint, al- 
though mechanically tight, is estimated 
to constitute an air gap having a length 
of 0.005 cm. 

Solution: The structure is considered 
to be two magnetic circuits, one around 
each conductor, each circuit having two 
air gaps in series (the two air gaps in 
series can be treated as one because 
they are of equal reluctance) : 


total air-gap length. one circuit 
= L, = 0.01 cm 
joint (air gap) mmf 
= F, = LH gilberts 
= L.B (for air) 
The average length of the iron circuit 
ae is 
L = (4)@.5) 4+ @ XI) = 13.14 cm 
total mmf = F = 1.257 IN = 1.257] 
since N = 1 (for one circuit). 
F=F,+F; = 0.01B + 13.14H; 
L 357i 
where H; is field intensity in iron. 
From the foregoing. it can be es- 
timated that H; < 1257/13.14 — 95.6. 


By trial in the above equation, a value 
of B = 17.000 gauss is found. 


Magnetic Flow-Meter 


FARADAY’S PRINCIPLE of electromagnetic 
induction is applied to determining flow 
rate of fluid, regardless of viscosity, 
temperature, pressure or presence of 
suspended solids, in Foxboro magnetic 
flow-meter systems. 

The principle of operation is that 
moving a conductor through a magnetic 
field so as to “cut” the lines of flux 
generates an emf in the conductor. In 
the magnetic flow-meter, Fig. 1, the 
electromagnet provides the field, a flow 
tube providés movement, and the fluid 
serves as the conductor. 

The fluid may be considered to con- 
sist of an infinite number of discrete 
disks which move through the magnetic 
field. As a particular disk passes 
through the field, the emf generated 
across it is detected by two sensing 
electrodes. Generated emf is propor- 
tional to rate of disk movement (flow) 
past the electrodes. 

Figure 2 illustrates a small trans- 
mitter that consists of removable flow 
tube, electromagnet and sensing elec- 
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The total force between the “E” and 
the “I” members of the magnetic struc- 
ture = P = ¢°/24.7A kilograms, 
where @ = total flux in kilomaxwells. 


P = AB?/24.7 = (8)(17)*/24.7 = 93 kg 


where A = total area in sq cm and 
B is expressed in kilogauss. 

e Design Problem No. 3: In a struc- 
ture otherwise the same as the fore- 
going, a coil of 2700 turns is used and 
the air gap is 0.10 cm in length. What 
is the total perpendicular air-gap pull 
if the current in the coil is 0.37 amp? 

Solution: 

total mmf 

= F = 1.2571N =(1.257)(0.37)(2700) 

= 1257 gilberts (each circuit) 

F = 0.2B + 12.94H; = 1257 gilberts 


By trial, using B and H values from 
Fig. 4, B = 5830 gauss, 


air-gap pull = P = AB*/24.7 = 11 kg 


Consider the arrangement of Fig. 5, 
in which two coils of 2700 turns are 
applied to the same magnetic structure 
as in the above problem, and the same 
coil current is employed (0.37 amp). 
It is evident that the “ampere-turns” 
have been doubled—and, incidentally, 
the required power and the generated 
heat also doubled—but the active flux 
and magnetic pull will be the same as 
with the one coil, since N still == 2700. 
The structure with two coils may have 
a lower capability, actually, because of 
greater heat generation and reduced 
radiating surface of each coil. OOO 


Fig. 1— Magnetic flow-meter operation. 
Sensing electrodes do not project into 
the flow tube, but are flush with its walls 
and 180 deg apart. 

»— 


trodes. Voltage output is received by 
an electronic recorder which is cali- 
brated in terms of volume flow rate. 

Typical metering accuracy is +1 per 
cent of full scale; repeatability is with- 
in +0.5 per cent. A variety of trans- 
mitter models is available with ranges 
from 0-3 liters/min up to tens of thou- 
sands of gallons/min. 


Source: The Foxboro Company, Fox- 
boro, Massachusetts. OOO 


»—> 


Fig. 2— Small flow-meter transmitter for 
a blood-flow system. Flow tube in fore- 
ground is removable for sterilization. 
ID is % in. 
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Fig. 4—D-C magnetization characteris- 
tics, cold-drawn steel bar (open-hearth 


screw stock). 


Fig. 5— Magnetic structure of Design 
Problem No. 3 with two coils. 
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RCA’s new Recommended Economy / Performance List of 9 volume-produced transistors and 
rectifiers can bring you brand-new answers to industrial reliability and performance at low prices 


Here’s why RCA’s new recommended economy 
performance list of 9 general-purpose semicon- 
ductor devices can open the way to new circuit 
economies, new equipment reliability : 


Low Price—due to advanced mass-production 
techniques used at RCA’s Findlay, Ohio plant 
devoted exclusively to general-purpose types. 


Excellent Uniformity—due to many years of ex- 
perience and continuing refinements in manu- 
facturing general-purpose types. 


Exceptional Reliability—because of rigid quality 
control and proved by extensive studies of cus- 


tomers’ actual experience with these transistor 
types from incoming inspection to actual field 
use by the end user. Field failure returns of these 
units in battery-portable radios since January, 
1958 have been less than 0.008% per 1,000 hours 
of operation. A rigorous quality-control program 
makes product improvement a continuing posi- 
tive process at RCA. 


Time-Proved Constructions— Alloy-Junction Con- 
struction, Graded Base Drift-Field Construction, 
Silicon Diffused-Junction Construction...tech- 
niques developed and improved by RCA’s long 
experience in the field of solid-state devices and 
proved through widespread product application. 


For complete information and data on 
these nine general-purpose types, write 
for your free copy of RCA’s new booklet 
“RCA’s Recommended Economy/Per- 
formance List” to RCA Semiconductor 
and Materials Division. Commercial En- 
gineering, Section I-54-NN, Somerville, 
N. J. For further sales information, con- 
tact your RCA Field Representative 
today. 


RCA FIELD OFFICES... EAST: Newark, N. J., 744 Broad St., HUmboldt 5-3900 « (Camden, N. J. area) Eriton, N. J., 605 Mariton Pike, HAzel 8-4802 « Syracuse, N. Y., 
731 James St., Room 402, GRanite 4-5591 « Baltimore, Md., ENterprise 9-1850 « NORTHEAST: Needham Heights 94, Mass., 64 “A” St., Hillcrest 4-7200 « SOUTH- 
EAST: Orlando, Fla., 1520 Edgewater Drive, Suite #1, GArden 4-4768 « EAST CENTRAL: Detroit 2, Mich., 714 New Center Bidg., TRinity 5-5600 « CENTRAL: Chicago, 
HL, Suite 1154, Merchandise Mart Plaza, WHitehall 4-2900 « Minneapolis, Minn., 5805 Excelsior Blvd., WEst 9-0676 « WEST: Los Angeles 54, Calif., Box 54074, 
RAymond 3-8361 « (San Francisco area) Burlingame, Calif., 1838 El Camino Real, OXford 7-1620 « SOUTHWEST: Dallas 7, Texas, 7905 Carpenter Freeway, Fleetwood 
7-8167 « GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BAidwin 6-2366 « Washington, D.C., 1725 ‘‘K"’ St., N.W., Federal 7-8500 


AVAILABLE THROUGH 


The Most Trusted Name in Electronics 
YOUR RCA DISTRIBUTOR 


RADIO CORPORATION OF AMERICA 
® 
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AC contactors 


For magnetic operation on motor 
loads through 200 hp at 440 
volts, 3-phase, 60-cycle; are 
available with 3 or 41/2 poles. 


Thermal overload relays 


Both heater- (above) and induc- 
tion-type; adjustable from 90 to 
110 percent of rating; resetting 
time 60 seconds after tripping. 


Terminal boards 


Designed for 25-, 50-, 100-, and 
150-amp circuits. Termination 
points—either 2, 3, 5, 7, or 9— 
have fire-resistant base. 


AC relays 


Interlocking or undervoltage relays; avail- 
able with four to eight poles in ratings to 
10 amps; both single-pole (above) and 
multi-pole contact arrangement. 


Reset relays 


A remote method for resetting overload 
relays; consist of potted solenoid coil 
and a mechanical linkage on corrosion- 
resistant steel base with insulated leads. 


Fuse blocks 


Rated up to 30 amps; blocks consist of 
a fire-resistant molded-compound base 
with metal terminals and fuse clips; con- 
venient single-hole mounting. 


litary spec requirements 


DC contactors 


Diesel-starting (above), time-delay, sizes 
1, 2, and 3 for magnetic operation on 
motor loads through 25 hp at 230 v d-c. 
Submarine service forms available. 


Panel-mounted pushbuttons 


For use on a-c or d-c circuits where 
momentary contact is required; available 
in standard or oiltight forms in variety of 
contact arrangements. 


Resistors 


Starting and regulating duty on motor and 
generator field adjustment, load banks, 
etc.; available in ratings from 21.5 to 42.5 
amps continuous and five lengths. 





Multi-current and overcurrent relays 
(above) are used as interlocking or under- 
voltage relays, and on electronic applica- 
tions requiring shock-damage design. 


Panel-mounted selector switches 


For use on either a-c or d-c circuits where 
maintained contact is required; available 
in three forms; can be mounted on panels 
up to 3/16-inch thick. 


Manual starters 


For single-speed, 1- or 3-phase, squirrel- 
cage induction motors or d-c motors. Size 
O starters are dripproof or flush-mounted; 
rated 3 hp 440-volt a-c maximum. 


control components 


A complete line of devices designed for 
extreme environmental applications 
© Shock 
e Humidity 


e Fungus 


e Vibration 
® Tilting 
e Temperature 


Whether you're designing equipment to meet exacting Navy speci- 
fications . . . or for missile hard-site applications where adverse 
environmental conditions are inherent ... one or more of General 
Electric’s HI-shock control components may well be the answer to 
your circuit design problems. 

All General Electric HI-shock control components are designed, 
built, and tested to perform reliably in virtually all operating 
conditions including shock, humidity, fungus, vibration, tilting, and 
high or low temperature. 

Outstanding features you get with the complete line of General 
Electric HI-shock control devices include: 1) all front connection for 
easy servicing; 2) fire-resistant compound bases, and 3) all corrosion- 
resistant metal parts. 


CATALOG OFFERS COMPLETE DESIGN DATA 


General Electric’s Control Components Catalog contains dimen- 
sional outlines, electrical design data, environmental limits, MIL 
Spec references, and prices on all HI-shock devices. To have this 
valuable information at your fingertips, call your General Electric 
Sales Engineer today. Or mail the coupon below. Industry Control 
Department, Salem, Virginia. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


SEND TODAY FOR FREE CATALOG 


General Electric Co., Section K785-15 


$B Navy Coal Components Schenectady 5, New York 


Please send me a copy of the Navy Control 
Components catalog, GEA-6798, with descrip- 
tions, specifications, and pricing data on the 
complete line. 


Name——— 
Company——__— 


Address—— 
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solid-state & 
magnetic amplifiers 


for close voltage or 
current regulation 


@ Whatever your needs in Power 
Supplies—a single special or standard 
unit or a hundred of a kind — 
HAZELTON can meet your most 
critical specifications. 


We manufacture all kinds of regu- 
lated and non-regulated Power Sup- 
plies: also manual and fully auto- 
matic Battery Chargers and supplies 
for the plating industry. 


Typical Units 
for Laboratory 
and Industrial Use: 

150 volts; 250 volts; 300 volts; 
500 volts; D.C. regulated to 
within +0.1-1%. Special units 
designed to better than 0.1% 
regulation. 


All HAZELTON units utilize qual- 
ity components and are fully tested 
before shipment to insure trouble- 
free operation. All units are guar- 
anteed for 1 year! 


Whatever your voltage require- 
ments or special application needs, it 
will pay you to consult with HAZEL- 
TON as specialists in Power Supplies. 


For further details—please write for 
our Power Supply Bulletin. Or phone 
us at Barclay 7-4239. 


fhe on 


INSTRUMENT COMPANY 
128 Liberty Street 
New York 6, N. Y. 
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ASSOCIATION Activities 


Lecture Series on Plasma 
Physics and Space Sciences 


“Plasma Physics in Theory and Appli- 
cation” is a series of 16 lectures to be 
presented at Moffett Field, Los Ange- 
les, Corona and San Diego, Calif., be- 
ginning the week of September 25. 
Lectures will cover single-particle mo- 
tion, statistical mechanical foundations, 
radiation, macroscopic description, os- 
cillations and waves, hydromagnetic 
flow, plasma stability, dissipative ef- 
fects, plasma shock 
power converters, astronautical ap- 
plications, controlled-fusion concepts, 
and controlled-fusion status. 

“Space Sciences,” another 16-lecture 
series, begins the week of September 
18 in San Diego. Los Angeles, Corona 
and Palo Alto, Calif. 

Further information about the series 
and application for enrollment may be 
obtained from the Department of Engi- 
neering and Sciences, University Exten- 
sion, University of California, Berkeley 
4, Calif. 


sources, waves, 


White Named Director of NARM 


Alexander J. White, Jr.. has been ap- 
pointed Executive Director of the Na- 
tional Association of Relay Manufac- 
turers. Mr. White assumed the duties 
of his office July 1, according to V. A. 


Hedlund, president of the NARM. 


Papers Wanted for Electronic 
Components Conference 


The 1962 Electronic Components Con- 
ference, sponsored by the AIEE, EIA 
and IRE, with the American Society 
for Quality Control and the Society 
for Nondestructive Testing participat- 
ing, is soliciting papers on the subjects 
of electronic components and materials. 

A 500-word summary, with the au- 
thor’s name and address, should be 
sent to H. A. Stone, Chairman, Techni- 
cal Program Committee, Bell Tele- 
phone Laboratories, Murray Hill, N. J. 
The deadline for summaries is October 
9 for the conference to be held in 
Washington May 8-10, 1962. Confer- 
ence subjects include: classical com- 
ponents—R, L, C, linear and non-linear. 
lumped and distributed; solid-state ap- 
plications; electromechanical devices 
and concepts; microwave components; 
filters and networks; connecting de- 
vices and techniques; non-destructive 
testing; component reliability; elec- 


tronic materials; and component-sys- 
tems planning and integration. 


ASTM Elects 1961-1962 
National Officers 


The election of the new national officers 
for the American Society for Testing 
Materials was announced during the 
64th Annual Meeting of the Society in 
Atlantic City, N. J. Miles N. Clair of 
the Thompson & Lichtner Co., Inc., was 
elected president and Alfred C. Web- 
ber of E. I. du Pont de Nemours and 
Co., Inc., was elected vice-president. 
R. Wade Seniff of the Baltimore and 
Ohio Railroad Co. will continue as 
senior vice-president. 


AIEE Names New Fellows 


The Board of Directors of the American 
Institute of Electrical Engineers has 
announced the names of members who 
have been elevated to the grade of Fel- 
low. They include: Charles F. Green, 
Cornell University, “for contributions 
to precise control in the field of avia- 
tion, marine and_= space aircraft”; 
Harold R. Heckendorn, Western Elec- 
tric Co., “for contributions in the engi- 
neering of manufacture for the rapidly 
advancing communications art”: Noel 
E. Dillow, General Electric Co.. “for 
contributions toward the optimization 
of transformer design through the use 
of computers and standardized com- 
ponents”; and Arthur L. Samuel. In- 
ternational Business Machines Corp.., 
“for contributions to the development 
of electron-discharge devices for opera- 
tion in the uhf range.” 


Perry Elected Chairman of 
NEMA Insulating Materials 
Division 

E. R. Perry, National Vulcanized Fibre 
Co., has been elected chairman of the 
Insulating Materials Division of the 
National Electrical Manufacturers As- 
sociation, it is announced by J. F. Mil- 
ler, managing director of NEMA. 


Call for Papers for 
Southwestern IRE Conference 
The 1962 SWIRECO will be held April 
11-13, 1962, in Houston, Texas. Title 
of paper and author’s name are to be 
submitted by October 1. 1961 to Pro- 
fessor M. Graham, Rice University, 
Computer Project. Houston 1, Texas. 
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important 
news from 


Belden.. 


High Heat ML 
Magnet Wire 
for continuous 
operating 
temperatures 


*Belden T. M. Reg. U.S. Pat Off. 


SEPTEMBER. 1961 


HELPS ENGINEERS DESIGN SMALLER AND LIGHTER PRODUCTS! 


Here’s the ideal magnet wire for motors, hermetically sealed relays, 
dry-type transformers, generators, encapsulated windings, and similar 
products that must operate continuously at temperatures up to 250C. 
Belden ML Magnet Wire is coated with ML Polymer,a DuPont product. 
ML is highly resistant to abrasion . . and it winds easily. 

ML will take substantial overloads . . it has high heat-shock resistance 
to 425C. 

ML can be combined with glass-wrap insulation to obtain additional 
insulation characteristics. 

ML magnet wire minimizes “gassing’’ which often causes contact con- 
tamination in sealed relays when conventional magnet wire is used. 
ML can replace any film coated magnet wire . . except where solder- 
ability is required. 

ML is available from stock. For additional information contact Belden 
Manufacturing Company, P.O. Box 5070-A, Chicago 80, Illinois. 


Other Belden Magnet Wire: Beldenamel*, oleoresinous * Beldsol*, 
polyurethane-nylon * Beldbond*, polyurethane-bonding agent * Beldure*, 
polyurethane + Beldtherm*, polyester * Celenamel*, cellulose acetate 
Formvar, vinyl acetal * Nylclad*, vinyl acetal-nylon * Epoxy 


One Wire Source for Everything Electrical and Electronic 
lead wire * power supply cords « cord sets 
e e ¢ portable cordage « electronic wire « 


fe control cables « automotive replacement 
WIREMAKER FOR NOUSTRY < 
PTE mea ite te wire and cable 





THESE RUGGED 
JOHNSON VARIABLES 
PORE LL ida iia} 
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for greater 


These ceramic-soldered Johnson Type 
“L” capacitors are an ideal choice for 
applications requiring extreme stability 
and strength. Rotor bearings and stator 
support rods are actually soldered direct- 
ly to the heavy *%" thick steatite ceramic 
end frames. Impervious to shock and 
vibration, parts can’t break loose... 
capacity can’t fluctuate. 


SPECIFICATIONS 
Plate spacing is .030” 
rated at 1500 volts 
peak 1t sea level; over 
300 volts at 50,000 
feet altitude. Plating is 
heavy nickel . . . other 
platings available on 
special order. Requires 
1%"x1%" panel mount- 
ing area. 


@ For complete infor- 
mation on Johnson Type 
“L" Air Variables or 
other quality Johnson 
components—write for 
your free copy of our 
newest catalog today! 


3109—10TH AVE. 3.8. © WADCLA, © MINN, 
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Sept. 5-8—Eleventh National Chem- 
ical Exposition (sponsored by ACS) 
International Amphitheatre, Chicago. 


Sept. 5-8—Sixteenth National Con- 
ference, Association for Computing 
Machinery, Statler Hilton Hotel, Los 
Angeles. 


Sept. 6-8—1961 Joint Nuclear In- 
strumentation Symposium  (spon- 
sored by AIEE, IRE and ISA). 
North Carolina State College cam- 
pus, Raleigh, N. C. 


Sept. 6-8—National Symposium on 
Space Electronics and Telemetry 
(sponsored by IRE), University of 
New Mexico campus, Albuquerque, 
N. M. 


Sept. 6-13—International Confer- 
ence on Electrical Engineering Edu- 
cation (sponsored by AIEE, ASEE 
and IRE), Sagamore Conference 
Center, Syracuse University, Adiron- 


dacks, N. Y. 


Sept. 11-15—ISA Fall Instrument- 
Automation Conference and Exhibit 
and ISA Sixteenth Annual Meeting. 
Memorial Sports Arena, Los An- 


geles. 


Sept. 14-15—Symposium on En- 
gineering Writing and Speech (spon- 
sored by IRE), Bellevue-Stratford 
Hotel, Philadelphia. 


Sept. 18-20—Standards Engineers 
Society Tenth Annual Meeting, Sher- 
man Hotel, Chicago. 


Sept. 20-21—Industrial Electronics 
Symposium (sponsored by AIEF., 
IRE and ISA), Bradford Hotel, 


Boston. 


Sept. 20-23—Program for Ceramic- 
on-Metal Processes (sponsored by 
American Ceramic Society), French 
Lick-Sheraton Hotel, French Lick, 
Ind. 


Oct. 1-4—Electrochemical Society 
Meeting, Hotel Statler, Detroit, 
Mich. 


Oct. 1-6—International Scientific 
Radio Union, CISPR (sponsored by 
IEC and IRE), University of Penn- 
sylvania campus, Philadelphia. 


Oct. 2-4—Seventh National Com- 
munications Symposium (sponsored 


NOVEMBER 


SMTWTFS 


by IRE), Municipal Auditorium, 
Utica, N. Y. 


Oct. 3-6—-Ninth Annual Human 
Engineering Institute (fee, $250), 
Dunlap and Associates, Inc., Stam- 
ford, Conn. 


Oct. 9-11—National Electronics 
Conference (sponsored by AIEF, 
EIA and IRE), International Amphi 
theatre, Chicago. 


Oct. 17-19 — Lubrication Confer 
ence (sponsored by ASME-ASLE), 


Morrison Hotel, Chicago. 


Oct. 19-20-1961 National Confer- 
ence on Industrial Hydraulics (spon- 
sored by Illinois Institute of 
Technology and Armour Research 
Foundation), Sherman Hotel, Chi- 


cago, 


Oct. 19-20—Symposium on Elec- 
tronics Engineering and Education 
(sponsored by IRE), Greensboro 
Coliseum, Greensboro, N. C. 


Oct. 20--Second New York Con- 
ference on Electronic Reliability 
(sponsored by IRE), New York 
University College of Engineering, 
University Heights, N. Y. 


Oct. 23-25—Annual Meeting of the 
Conference on Electrical Insulation 
(sponsored by National Academy of 
Sciences-National Research Coun- 
cil), Pocono Manor Inn, Pocono 
Manor, Pa. 


Oct. 23-25—East Coast Confer- 
ence on Aerospace and Naviga- 
tional Electronics (sponsored by 
IRE), Lord Baltimore Hotel, Balti- 
more, Md. 


Oct. 23-25—International Commit- 
tee for Suppression of Radio Inter- 
ference, URSI-IRE Fall Meeting 
(sponsored by URSI and IRE), 
University of Texas campus, Austin, 
Texas. 


Oct. 23-27—Forty-third National 
Metal Congress, 1961 Detroit Metal 
Show and ASM Materials Compari- 
son Center (sponsored by ASM), 
Cobo Hall, Detroit, Mich. 


Oct. 25—Technical Conference on 
Plastics in Major Household Appli- 
ances (sponsored by SPE), Mono- 
gram Hall, General Electric Co., 
Louisville, Ky. 
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AN ASSIST FROM LJ 


Here, at the Bodine Electric Company 
Plant, fractional horsepower motors are 
manufactured for a wide variety of prod- 
ucts. Considering the small sizes of the 
motors used, these products doa tremen- 
dous job in making many everyday tasks 
easier and more enjoyable for the user. 
‘‘National’’ Fractional Horsepower 
Brushes—tiny but vital components in 
these motors—offer proved dependability 





BODINE’S SMALL MOTORS 
OFFER DEPENDABLE SERVICE WITH 


TRADE MARK 


so necessary in this small equipment. 
National Carbon Company maintains 
a complete testing laboratory specifically 
designed for the investigation of frac- 
tional horsepower brush problems. For 
information, contact your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Ave., N. ¥Y.17,N. Y. In Canada: 
Union Carbide Canada Limited, Toronto. 


ATIONAL BRUSHES 


‘‘National’’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY 


UNION 
CARBIDE Contact your 


‘*National’’ Brush Man 





STEEL IS ROLLED AT THE 


HOMESTEAD WORKS WITH AN 


ASSIST FROM |i) 


Rolling mills at the Homestead Works of 
United States Steel Corporation exert tre- 
mendous pressures to squeeze steel into 
desired thicknesses. The mills are de- 
signed to handle terrific mechanical strains 
...the motor-generator sets to take the 
swinging peak loads imposed. 

“National” Brushes—wherever they are 
used on the m. g. sets that power the 
mammoth mills— provide good commuta- 
tion and life despite the difficult loading 


ATIONAL BRUSHES 


TRADE MARK 


conditions. They contribute to depend- 
able service with minimum commutator 
maintenance. 

To help improve electrical operations, 
we offer a positive carbon brush service 
program. Just call your “National” Brush 
Man or write National Carbon Company, 
Division of Union Carbide Corporation, 
270 Park Avenue, New York 17, N.Y. In 
Canada: Union Carbide Canada Limited, 
Toronto. 


‘“‘National’”’ and ‘‘Union Carbide”’ are registered trade-marks for products of 


NATIONAL CARBON COMPANY  ‘vetionat’ Brush aan 





BOOK Reviews 


Edited by Arnotp E. Rupaut, 
Associate Editor 


Advances in Electron Tube Tech- 
niques, edited by D. Slater, Per- 
gamon Press, Inc., New York 
(1961), 235 pages, $15.00. 

This book contains the Proceedings of 
the Fifth National Conference on Tube 
Techniques. Areas of interest include 
electron-tube materials and technology: 
electron emission phenomena and cath- 
odes; internal environments of electron 
tubes; and ruggedization, external en- 
vironments and life factors of electron 
tubes. Subjects presented within these 
groupings cover metals and metallurgy, 
glasses, ceramics, emitters, emitter in- 
vestigations using various techniques, 
gases, gettering, vacuum techniques, 
life and environmental testing, nuclear 
radiation effects and electron-tube eval- 
uation studies. 


A Short Account of the History of 
Mathematics, W. W. Rouse Ball, 
Dover Publications, New York 
(1960), 522 pages, $2.00 (paper). 

Using a biographical approach, this 

book offers to the non-specialist a 

panoramic view of the rise of mathe- 

matical ideas from the Egyptians to the 
mathematicians of the 19th century. 


The History of the Calculus and 
its Conceptual Development, 
C. B. Boyer, Dover Publications, New 
York (1959), 346 pages, $2.00 
(paper). 

Beginning with Zeno’s famous paradox, 
through the work of Arabic and schol- 
astic thinkers to the formulations of 
19th and 20th century mathematicians, 
the author shows how the changed 
concepts of the calculus affected the 
methods of mathematical discovery and 
the foundations of mathematical 
thought. 


Finite Difference Equations, H. 
Levy and F. Lessman, The Macmillan 
Company, New York (1961), 278 
pages, $5.50. 

The authors of this book stress methods 

of solving difference equations and their 

application to probability, circuits, 
statistics and various other problems 
of discontinuous sequence. New ma- 
terial presented covers modes of ex- 
pansion of the solution of non-linear 
difference equations and the conditions 
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ae recording oscillograph 
CONSOLIDATED ELECTRODYNAMICS CORPORATION 


Inside this portable recording oscillograph... 


A FOCUSED PRECISION OPTICAL SYSTEM 
TO ASSURE HIGHEST TRACE RESOLUTION 


The high-efficiency optical system of CEC’s 5-124 Recording Oscillo- 
graph concentrates more high actinic light on the record... permits 
a writing speed of 50,000 ips with trace widths of 0.010” or less. 

Optics are specially treated for higher light transmissibility. This 
means ‘“‘big’’ oscillograph capability in a portable, low-cost instrument. 
The 5-124 easily records and resolves phenomena occurring in inter- 
vals as short as 500 microseconds... boasts 18-channel capacity... 
delivers ready-to-read print-out records that eliminate processing 
problems. 

Among the 5-124’s standard features are pushbutton control, 
intensity control, unexposed footage indicator, individual input con- 
nectors and automatically regulated galvanometer lamp circuit. These 
optional features are available: grid lines (1/10” or mm), trace iden- 
tification and numbering, full-width timing lines = galyanometer 
block heaters. 

For complete information, call your nearest CEC sales and service 
office or write for Bulletin CEC 5124-X18. ; 


Data Recorders Er —C 


CONSOLIDATED ELECTRODYNAMICS Phir eae 


Belle Howell - 





onap Bushings 


NEW From HEYCO. 


j 


. nN 


Snaps easily and locks 
into panels of varying 
thickness up to 4” 


withstands 35 Ib. pushback fest! 


Here’s a Bushing to 
meet your requirements 


@ Finger pressure assembly 
@ Provides complete insulation-it’s Nylon 

@ Approved for temperatures of 302°F. 
@ Not affected by oil or grease 

@ Sizes for 1/4” to 2” mounting holes 
@ Various inside diameters 


USES: 
Insulation and mechanical protection 
for Electrical Wire & Cable, Tubing 


Savvecae FREE GMA 
HEYMAN MANUFACTURING CO. 


KENILWORTH 1, NEW JERSEY 
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under which they are valid; the eigen- 
values that arise in connection with 
linear difference equations; and the 
properties of the corresponding orthog- 
onal functions in the form of factorial 
series. 


A Guide to Technical Literature 
Production, E. Clarke, TW Pub- 
lishers, River Forest, Il].(1961), 192 
pages, $3.00 (paper). 

Contains information on estimating the 
cost of technical publications, organiz- 
ing a technical writing group, evaluat- 
ing the work of a technical writer, pro- 
duction methods for technical litera- 
ture, functions of editors, and personnel 
procedures. 


Guide to Metallurgical Informa- 
tion, edited by E. W. Tapia, Special 
Libraries Association, New York 
(1961), 85 pages, $4.00 (paper). 

Describing more than 600 _ books, 

journals, microfilms, translations and 

theses in the field of metallurgy, this 
book also includes societies, trade as- 
sociations, research institutes, govern- 
ment agencies and technical services. 

Reference sources published within the 

last 20 years are emphasized. 


Tensor Analysis of Electric Cir- 
cuits and Machines, L. V. Bewley, 
The Ronald Press Company, New 
York (1961), 309 pages, $12.00. 

The areas covered in this book are: the 

essentials of matrix theory, with ap- 

plications to circuits and networks; the 
mathematical theory of tensor analysis; 
and the application of tensor analysis 
in developing equations of the gen- 
eralized electric machine. A unified and 
consistent theory of machines is pre- 
sented through the approaches of 
physical considerations, Lagrangian 
equations, Maxwell’s equations and the 
Maxwell-Lorentz equations. 


Microwave Ferrites, P. J. B. Clarri- 
coats, John Wiley & Sons, Inc., New 
York (1961), 260 pages, $8.00. 

The purposes of this book are to pro- 
vide the microwave engineer with an in- 
troduction to the microwave properties 
of ferrites and to study the theory and 
principles underlying the operation and 
design of specific waveguide compon- 
ents employing ferrites. 


An Introduction to the Theory 
and Practice of Transistors, 
J. R. Tillman and F. F. Roberts, John 
Wiley & Sons, Inc., New York (1961), 
340 pages, $8.00. 

Part I of this text presents the basic 

physical theory of semiconductors 

and of the transistor; electrical prop- 
erties of the latter are shown through 
analysis of a three-dimensional model. 

(Continued on page 158) 
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fromce times actuat Size} 


wo grade 160 


ews CDF grade 2450P 


wo grade 522 


three outstanding new laminates! 


High legibility letters, numbers or 
symbols can be stamped on this new 
warm punch, paper phenolic grade in 
the same die used for blanking and 
piercing! No separate operation is 
necessary . . . no registration prob- 
lems. Markings are permanent and in 
sharp contrast. Ideal for capacitor 
caps, terminal boards, panels, spacers, 
coil ends, socket bases. Meets NEMA 
X and XP requirements. 


Economical paper phenolic grade 
2450P can be punched warm and has 
improved mechanical strength and 
lower moisture absorption proper- 
ties. It is designed especially for 
mechanical and low voltage electrical 
insulation applications such as con- 
nector blocks, coil and bobbin ends, 
washers, plug and socket bases. Meets 
NEMA X and XP requirements. 


These are the newest materials of CDF research and 
engineering, developed to give you outstanding perform- 


ance at minimum cost. 
*Du Pont trademark 


Your inquiry is welcomed. 


Excellent wet electrical and other 
improved properties make this new 
copper-clad glass fabric Teflon* 
laminate ideal for radar insulation, 
missile antennas, critical computer 
applications. Circuits based on this 
grade will show minimum drift under 
varying temperature and humidity. 
Also available without copper for 
such uses as high frequency insula- 
tion in wave guides. 


CONTINENTAL-DIAMOND FIBRE 


CONTINENTAL-DIAMOND FIBRE CORPORATION, NEWARK, DELAWARE © A SUBSIDIARY OF THE -#fan4# COMPANY 
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Write for 

Free 
Catalog 
Today! 


New Capacitors 
New Catalog! 


META-CAPS® PERM-A-CAPS® PI-CAPS® 


and many more. A complete showing of Paper, Mylar-Paper, Mylar, Polystyrene, 
Chicago Condenser’s unmatched line of Tefion, Kraft Tissue, etc. Styles and char- 
capacitors. Metallized Mylar, Metallized acteristics to meet any specification. 


Write for Your Free Copy Today 


S CHICAGO CONDENSER CORP. 


3255 West Armitage Avenue, Chicago 47, Illinois 


Circle 162 on Inquiry Card 


THe rom 


BANTAM SPEED CHANGERS 


RATIOS: 646 from 1:1 to 85184:1 
HORSEPOWER: 0.1 maximum 

TORQUE: 130 oz-in 

SPEED: 10,000 RPM maximum 
BACKLASH:.15’ maximum (Series 11) 
WEIGHT: 16 to 45 oz depending upon ratio 
BEARINGS: double, heavy-duty ball 
DELIVERY: 10 days 


A PART OR A PACKAGE 


Bantam speed changers are only one product in Metron’s com- 
plete line of small speed changing components. Call on our egni- 
neers for design help with your speed changing or control problems. 
Tell us what results you’re after—what your inputs and loads are. 
We'll come up with an output package to do the job efficiently and 
economically. Send your prints today! 


Fite METRON INSTRUMENT CO. 
5302 So, Delaware, Littleton, Colo. PY 8-2537 DDD: 303 TWX: DN 194 
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In Part II there is a survey of the 
electrical characteristics of semicon- 
ductor diodes and transistors. Design of 
circuits using these devices is the con- 
cluding material. 


Static Relays for Electronic Cir- 
cuits, edited by R. F. Blake, Engi- 
neering Publishers, Elizabeth, N. J. 
(1961), 198 pages, $7.00. 

Based on a group of symposium papers, 

this book contains case histories show- 

ing the use of this component in com- 
mercial equipment. Emphasis is on 
special properties of static relays, 
which include very fast response of 
the order of microseconds, high resist- 
ance to shock and vibration, absence 
of contact difficulties, and long life. 


Transistors and Active Circuits, 
J. G. Linvill and J. F. Gibbons, 
McGraw-Hill Book Company, Inc., 
New York (1961), 515 pages, 
$14.50. 

Circuits in which the active element 
is a transistor are discussed here. The 
model concept is used, with stress on 
the approximate character of models 
and the assumptions involved in their 
use. Emphasis is placed on the selec- 
tion of the most appropriate model 
from a set of different ones, according 
to the requirements of a particular 
problem. 


Engineering 
Standards 


Greatly Revised Gear Standards 


A completely new system of coarse- 
pitch and fine-pitch gear classes, toler- 
ances and backlash data has been 
adopted by the American Gear Manu- 
facturers Association in its “Gear 
Classification Manual for Spur, Heli- 
cal and Herringbone Gears,” AGMA 
390.01, May 1961. The changes are 
so significant that all sections dealing 
with coarse-pitch gear tolerances, 
classes and backlash shown in AGMA 
231.02 on “Inspection of Coarse-Pitch 
Spur and Helical Gears” have been 
withdrawn by the AGMA, as have spon- 
sorship of all sections dealing with 
fine-pitch gear tolerances, classes and 
backlash shown in AGMA 236.02, “In- 
spection of Fine-Pitch Gears” (ASA 
B6.11-1956). 

Of particular interest to these who 
specify fine-pitch gears used in many 
instrument and control applications 
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the new SL-2... 
a standard 


limit switch 
aTth 
unlimited 
Neer 
iCal titay 


Tailor limit switch performance to your specific job with 
NAMCO’S standard SL-2. This “machine life” limit 
switch features a standard cam blank which can be cut 
into a wide variety of configurations to meet any applica- 
tion. These interchangeable cams provide positive control 
of contact sequence; let you match switch operation to 
your specific job. Ruggedly built, oil-tight and moisture- 
proof, the SL-2 provides dependable, accurate per- 
formance that meets your most precise requirements. 


SEPTEMBER 1961 


Now available for low-current, high-shock, 
excessive-vibration applications...the SLS-2... 
with full-wiping, self-cleaning sliding contacts that insure 
“everytime” operation under conditions that spell 
machine downtime for other limit switches. 


Get all the details on how the NAMCO SL-2 line 
eliminates limit switching problems for good. Write for 
Bulletin EC-SL260, or contact one of our representatives. 
You'll find them in all principal cities. 


THE NATIONAL 
ACME COMPANY 
176 E. 131st STREET 
CLEVELAND 8, OHIO 


Sales Offices: Newark 2, N. J., Chicago 6, Ill., Detroit 27, Mich. 
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TURBOSIL 


and 


MUTT 


silicone 
MATH 
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Sleevings 


Developed especially for both 
high and low temperature resist- 
ance, Brand-Rex Class H sleev- 
ings are available in sizes #24 
to 1” 1.D. and in 5 grades. Both 
Turbosil*, a silicone varnished 
glass, and Turbo® 117, a silicone 
rubber coated glass, meet per- 
formance requirements of 
MIL-1-3190. 

For complete information and 
samples, or if you wish techni- 
cal assistance in selecting the 
right insulation for your applica- 
tion, write or call 


REX 


DIVISION OF 


American ENKA Corporation 
SUDBURY ROAD. CONCORD, MASSACHUSETTS 
TELEPHONE: EMERSON 9-9630 
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is the fact that twelve quality classes 
have been set up for fine-pitch gear 
tolerances (Nos. 5 to 16) to replace 
four Commercial grades and the three 
precision grades. New backlash toler- 
ances have also been set up, including 
a new Grade E and a change in toler- 
ance for the former Grade D, the pre- 
vious designation for zero backlash. 
Quality numbers 15 and 16 are assigned 
with tighter tolerances than the former 
Precision 3 grade. 

The new manual also contains code 
numbers for various materials and 
their heat treatment for both coarse- 
and fine-pitch gearing. Tables of ap- 
plications and quality numbers for 
coarse-pitch gearing are included. The 
quality number includes identifying 
tooth element tolerances and a material 


and treatment number. 
Copies of AGMA 390.01 are avail- 


able from the American Gear Manv- | 


facturers Association, 1 Thomas Circle, 
Washington 5, D. C., for $1.50. 


ASA Standards 


B55.1-1961, American Standard Speci- | 


fications for Multiple V-Belt Drives, 


$2.00. Provides dimensions and recom- 


mended installation procedures for in- 


tegral-horsepower V-belt drives used | 


primarily for power transmission in in- 
justrial applications requiring one or 
more V-belts. 
Copies may be obtained from the | 
American Standards Association, Dept. 
P 240, 10 E. 40 St., New York 16; or 
the American Society of Mechanical 
Engineers, 29 W. 39 St., New York 18. 


NEMA Standards 


AS 1-1961, Definitions for Industrial 
Automatic Systems, 35¢. Contains defi- 
nitions applying to industrial automatic 
feedback control systems. 

DC 6-1961, Automatic Temperature 
Controls (nameplate information, cur- 
rent ratings, voltage rating and load 
characteristics) , 25¢. 

HU 1-1961, Industrial Heating Units 
and Devices, 35¢. Covers cartridge, | 
tubular strip, immersion and tubular- | 
type, water-immersion heaters. 

MW 2-1961, Single and Heavy Poly- 
urethane-Coated Round Copper Magnet 
Wire, 35¢. 

Copies are available from the Na- 
tional Electrical Manufacturers Asso- 
ciation, 155 E. 44 St.. New York 17. | 

| 
EIA Standards 


RS-167-A, Type Designations for Re- 
ceiver-Type Tube Sockets, 90¢. These 
designations include coded information | 
defining the socket material, number, 
and arrangement of contacts. It also 
includes information on methods of test | 
and measurement of rated working volt- | 


. . . | 
age, capacitance, insulation loss factor. 


Here are rugged, reliable 


COMPACT CONTACTORS 


for high capacity service! 


Industrial and Motor 


CONTROLS 


Take a good look at the B/W line of magnetic and 
reversing contactors and you'll get a refreshing 
new concept of motor control quality and value. 


(C0 They're small in size—simple, straightforward 
in design—easy to wire—and ruggedly built to 
give you reliable, long-life service on a wide range 
of high capacity control applications. All contacts 
are vertically mounted up front. Built-in return 
springs provide fast, positive breaks. Armatures 
travel in a straight predetermined plane to assure 
proper seating, quieter operation. Available in 
low-cost horsepower and ampere rated models 
to meet your special application requirements. 


Other Reliable B/W Electrical Contre! Components 


Magnetic Starters & 
Combination Starters 


Induction Type & 
Electronic Relays 


Push and Pull Type 
A. C. Solenoids 


Custom Engineered 
Control Panels 


Complete technical data available upon request—write today! 


a CONTROLLER 
Ts Baik CORPORATION 
2200 E. MAPLE ROAD ¢ BIRMINGHAM, MICHIGAN 


Manvfacturers of Liquid Level and Industrial Motor Controls 
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A.C. ripple current rating of an electrolytic capacitor is 
one of the important factors in filter applications. Excessive 
ripple current can cause excessive temperature rise and can 
shorten life. This is why it is desirable to understand the 
facts concerning the effect of ripple currents before speci- 
fying electrolytic capacitors for filters. 


A typical filter-capacitor application is shown in Figure 1 
(a), where a singlephase, full wave bridge rectifier is supplied 
from a 60 cycle, sinusoidal input. If the switch to the re- 
sistive load is open, the capacitor will be charged to peak 
voltage during the first 1/240 second and will hold its 
charge, maintaining a constant D.C. voltage across its 
terminals. There will be no significant A.C. voltage ripple 
under these conditions, as shown in Figure 1 (b). 


\ 
2 $ Oca. 


Figure 1 (a) 





Figure 1 (b) 


Figure 1—Typical full wave, singlephase bridge recti- 
fier circuit operating on 60 cycle input is shown in 1 (a). 
Rectified voltage wave shown in 1 (b) is a constant 
D.C. voltage so long as load switch remains open. 


However, conditions change when the load switch of Figure 


1 is closed. The capacitor will be charged to peak voltage 
during the first 1/240 second as before, but after rectifier 
voltage reaches peak and begins to decrease, capacitor 
voltage remains higher than rectifier voltage. The capacitor 
must now supply load voltage and current until rectifier 
voltage is again equal to or greater than capacitor voltage. 
How rapidly capacitor voltage drops during intervals when 
it is supplying the load is governed by size of load and, 
hence, rate of discharge of the capacitor. Total drop AE, 
shown in Figure 2, is proportional to load current. These 
drops are what produce the ripple voltage. Ripple voltage 
is decreased when the filter capacitor is increased in capacity. 


AE is the total peak-to-peak ripple voltage and is a complex 
wave containing harmonics of the fundamental ripple fre- 
quency. Exact heating effect calculations on the capacitor 
would involve determining the effective voltage for each 
harmonic, determining the rms current from known total 
impedance of the capacitor at this frequency, and calculating 
the watts loss from the known resistive component of the 
capacitor at this frequency. Total loss would be the sum 
of these individual harmonic contributions. This is a most 
complicated procedure since harmonic contents vary with 
application and complete impedance and resistance data 
versus frequency is not readily available for each capacitor 
design. 


It is well to keep in mind that suppliers’ ripple ratings are 
most usually based on tests conducted using 120 cps si- 
nusoidal currents. Even though the true rms current in a 
practical situation is equal to the suppliers’ rating, it does 
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a continuing series on technical topics 


of specific interest to engineers 


Ripple Current in D.C. 
Filter Capacitor Applications 





REFERENCE 
DATA FILE 


Figure 2—When load switch of 
Figure 1 is closed, capacitor 
supplies load voltage and cur- 
rent between successive rectifier 
input peaks. As capacitor dis- 
charges, its terminal voltage 
drops by amount AE, creating 
ripple voltage. 


1/240 sec 1/120 see 1/80 sec 1/60 sec 


Figure 2 


not mean that the heating effect will be the same as that 
obtained on the suppliers’ test. This is due to the different 
wave forms involved and the harmonic current components 
mentioned above. However, an accurate rms current 
measurement is a very close approximation and is a practical 
first approach. 


One method of making this measurement is to insert a low 
impedance thermal ammeter in series with the negative 
lead of the capacitor. The impedance of this meter must be 
small compared to the capacitor impedance or the ripple 
current will be altered. Large errors can be produced by 
this method, especially if a large low impedance capacitor 
is being tested. A thermal type ammeter is recommended 
for this test since a true rms reading can be obtained from 
a complex wave and the impedance of this type of meter 
is very low. 


Another approximate measurement can be obtained by 
inserting a low value resistor or shunt in series with the ca- 
pacitor and reading the voltage drop with a vacuum tube 
voltmeter. An additional error is encountered in this method 
unless the voltmeter used is a special type which reads 
true rms voltage. 


A third method is to estimate, calculate, or measure the 
ripple voltage and divide by the capacitor impedance. The 
same errors exist here as mentioned above. 


The above methods have been used very satisfactorily; 
however, when there is.doubt or if complicated duty cycles 
are involved, the most satisfactory answer is obtained by 
measuring the capacitor case temperature rise by inserting 
a thermocouple between the insulating sleeve and aluminum 
can midway between top and bottom. If the ambient 
temperature is also measured at the same time, temperature 
rise of the capacitor above ambient can be determined. 


Equipment should be operated in this test at maximum 
load for approximately 2 hours or until two successive 
measurements, taken 15 minutes apart, show no change in 
capacitor or ambient temperature. A Sangamo DCM capac- 
itor is safely loaded if temperature rise is not more than 
8°C. for 65°C. ambient or 12°C. for 40°C. ambient. 
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It’s a rare 
engineering 
department that 
shouldn’t use 
a Friden SRW 


Ad tT) i) 


Eee go 


2s 22 eee 


ecececece 


(Chrysler’s missile division uses eleven) 


The machine above is the Friden 
Model SRW Calculator—the only 
machine of its kind that extracts 
square roots automatically, at the 
touch of a key. 


Chrysler Corporation’s Missile 
Division bought its first Friden 
SRW in 1952. They now use 11 
SRW’s in the planning and devel- 
opment of such missiles as the 
Jupiter and Redstone. 

Chrysler says: “By reducing the 
extraction of square roots to a 
matter of seconds (with accuracy 
to more than 6 places) the Friden 
SRW saves many hours of our 
engineers’ valuable time, frees 
them for more important tasks, 
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helps keep department costs to a 
minimum.” 


Whatever your firm’s operation, if 
you have an engineering depart- 
ment you can make good use of 
the Friden Square Root Calcula- 
tor. For more information, see 
your local Friden Man. Or write: 
Friden, Inc., San Leandro, Calif. 


THIS IS PRACTIMATION: 
automation so hand-in-hand with 
practicality, there can be no other 
word for it. 


rriden 


Sales, Service and Instruction Throughout the U.S. and World 
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44, 


insulation resistance, contact resistance, 
and insertion and extraction force. 
RS-186-B, Standard Test Methods for 
Electronic Component Parts, $1.90. Con- 
tains test methods covering humidity, 
moisture resistance, dielectric test, salt 
spray, robustness of terminals, vibra- 


| tion fatigue, seal test, effect of soldering, 


thermal shock and heat life test. 

The standards are available from 
EIA Engineering Department, 11 W. 
42 St., New York 36. 


UL Standards 


Standard for Rubber-Insulated 
Wires and Cables, covers rubber-insul- 


| ated wires and single- and multiple- 
| conductor assemblies 


such as_ twin 
parallel and twisted assemblies of two 
or more conductors. 

62, Standard for Flexible Cord and 
Fixture Wire. 

507, Electric Fans. Requirements 
cover fans and blowers of the air-cir- 
culating types (such as desk, bracket, 
ceiling, hassock, pedestal and_ utility 
fans) and ventilating types (such as 
attic, wall-insert, ceiling insert, roof, 
hood or canopy, and window fans and 
blowers), humidifiers, evaporative cool- 
ers and room-type filter units rated at 
600 volts or less, to be used in ac- 
cordance with the National Electrical 
Code. 

These standards are available from 
Underwriters’ Laboratories, Inc., 207 E. 
Ohio St., Chicago 11. 


Postcard return forms are provided 
at end of book as a convenience 
to the reader in obtaining— 


New Components and Materials 
Additional data from the sup- 


plier of any item reviewed. 


Literature for the Design 
Engineer 
A copy of any manufacturer’s 
publication reviewed. 


Feature Article Reprints 
Single copies of selected feature 
articles. 


Advertised Products 
More information on any prod- 
uct or service described. 
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6 2N/706A 2N706B 2N707 2N708 2N743 2N744 2N753 2N783 2N784 2N834 


GENERAL INSTRUMENT SEMICONDUCTOR DIVISION == 


* 


SOURCE FOR SILICON PLANAR EPITAXIAL TRANSISTORS 


GENERALINSTRUMENT CORPORATION - NEWARK 4, NEW JERSEY 
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Editorial REPRINTS Available 


As manuscripts are projected for 
publication in each issue of Elec- 
tro-Technology, the board of editors 
determines which editorial articles 
are to be made available to readers 
in reprint form. 

Available reprints of articles in 
this and previous issues are briefed 
here. Any regular Electro-Technology 
reader qualifies for one copy of 
all single-article reprints, without 
charge. 

The numbers at the head of re- 
print listings correspond to the 
numbers on the postcards incorpo- 
rated in the Reader Inquiry Service 
Section at the end of the book. 


(0 926—Transient Protection for High-Fre- 
quency Transistors, September 1961, 3 pages. 
Three common types of transistor circuits (video 
and r-f amplifiers, mutually coupled amplifiers, 
etc.) are analyzed with a view to discovering 
what causes transistor failures due to switching 
transients. Proper designs to prevent undesirable 
transients are prescribed. 


(1 935—Copper-Base Alloy Spring Materials, 
September 1961, 6 pages. The properties of cop- 
per-alloy spring materials are investigated and 
evaluated for design-engineering applications. 
Materials-selection factors are studied and limiting 
design factors for the materials are given. Selection 
of standard materials is logically studied for choice 
in design, and then extrapolated to the newer 
alloys. A special two-page chart lists alloy classes 
and their properties, plus a cost evaluation of the 
materials. 


(0 925—Digital Logic Modules, September 
1961, 9 pages. The theory of operation of the 
various types of logic circuits (diode gates, tran- 
sistor-resistor logic, direct-coupled transistor logic, 
etc.) is explained and examples of the many vari- 
ous commercially available modules to perform 
these functions are given. Electrical and physical 
characteristics of modules made by eighteen differ- 
ent companies are included. 


(0 941—Human Factors Engineering Standards, 
August 1961, 7 pages. The basic considerations 
underlying the development. of human-factors 
standards and specifications for a given system are 
discussed. Step-by-step procedures are described as 
applied to equipment designed for the Polaris sub- 
marine, but that may be adapted for other systems 
as well. Such procedures involve system component 
search and evaluation from the human-factors 
standpoint. Selected design “‘guidelines” and “‘check- 
lists” that resule from procedures and studies are 
included in this article as illustrations. 


(0) 937—Semiconductor Failure Analysis Using 
Characteristic Curves, August 1961, 4 pages. 
Various types of semiconductor failures (mechanical 
stress, voltage breakdown, degradation, etc.) are 
described and their causes enumerated. Illustrations 
show how each type of failure affects the charac- 
teristic curve so that they can be recognized when 
testing components. 


0 ey Dependence of Electric 
Strength . a Design Consideration Analysis, 
August 1961, ; pages. The results of an intensive 
research program at The Johns Hopkins University 
Dielectrics Laboratory to determine the breakdown 
values of electrical insulation at frequencies up to 
100 mc. Data are summarized and analyzed on 31 
different classes of materials, including plastics 
molding compounds, resins, plastics laminates, 
ceramics, glass and mica products. 
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Readers should circle those numbers 
which correspond to the reprints 
desired. 

If multiple quantities of these re- 
prints are desired, the rates to 
govern are indicated below. Remit- 
tance must accompany all orders. 
Larger quantities, special quotation. 


Cost of Single-Subject Reprints 


No. of 
Reprints 4-12 


1 Gratis 
5 $2.00 
10 3.75 
25 7.50 


Number of pages 
16-32 


Gratis 


(0 921—Factors Contributing to Backlash in 
Gear Trains, July 1961, 8 pages. Largely re- 
lating to fine-pitch spur-gear trains, effects con- 
sidered include changes in center distance, pres- 
sure angle, total composite error in gears; thinning, 
deflection and wear of teeth; also radial play 
in bearings, shaft twist, and differential expan- 
sion between housing and gears. 


(0 936—Relay Designers and Users Meet, July 
1961, 5 pages. A summary report on selected 
papers presented at the Ninth National Confer- 
ence on Electromagnetic Relays. Subjects covered 
by the papers reviewed are: relay-contact failure, 
special telephone-relay contacts, a contact spring 
for reduced chatter in high-speed relays, high- 
speed relay operation with minimal power, dry- 
reed relay logic device, r-f interference suppression, 
and rating and testing 


© 905—Key Problems in Microelectronics, 
June 1961, 6 pages. An objective examination, 
based on a field survey, of the principal obstacles 
that are still hampering full-scale production and 
wide application of microelectronic devices (dis- 
crete components, 2-D integrated circuits, solid- 
state circuits, molecular function blocks). In 
addition to the factors of economics, the dis- 
cussion takes in problems of techniques, relia- 
bility, standards and relationship between system 
and device engineering. 


0 914 Machine Tool Electrical Stand- 
ards (NMTBA), June 1960, 18 pages 
plus cover. First revision since March 
1956 of the Electrical Standards spon- 
sored by the National Machine Tool 
Builders’ Association. Present version pro- 
posed September 1, 1959 and adopted 
with interim revisions January 25, 1960. 
(See also JIC Electrical Standards for 
Industrial Equipment, page 172.) Sin- 
gle reprints, no charge. Multiple quantities 
may be obtained at the following prices: 
5-$3.75; 10-$6.00; 25-$12.50; 50-$20.- 
00; 100-$30.00. Send check with order 
payable to ELECTRO-TECHNOLOGY, 205 
E. 42 St., New York 17. 


0) 920—Effects of Corona on Vinyl Electrical 
Tape, June 1961, 6 pages. Results of evaluation 
program show that corona resistance of vinyl 
electrical tape depends on electrical stress, mechan- 
ical elongation, humidity, type of electrode and 
specimen geometry, among other factors. Actual 
test daca are given and the physical effects of 
corona on specimens are illustrated. These data 
are important owing to increasing use of vinyl 
under corona i and previous lack of 


(0 916—Semiconductor Rectifier Characteris- 
tics, June 1961, 8 pages. Terms used in describ- 
ing rectifier characteristics are defined. Various 
ways of measuring and interpreting the forward 
and reverse characteristics are discussed. Includes 
design of circuits to be used in testing cells, 
including load tests. Things to look for in analyz- 
ing test results are pointed out. 


() 922—Designing Electronic Transformers on 
a Digital Computer, May 1961, 7 pages. Dem- 
onstration of the iterative procedures used to 
optimize the design of a line of single-secondary 
transformers in the range of 4 to 3230 va core 
rating within limits of overall performance. 
Modifications of the computer program for de- 
signing rectifier plate transformers and linear 
inductors are included. 


(0 942—Control-System Analysis by Analog 
Simulation, May 1961, 5 pages. Principles of 
analog simulation, based on similarity of system 
equations of mechanical and electrical systems, 
are applied to analysis of linear and non-linear 
control systems. Methods of building up the 
analog circuit using basic operational amplifier 
with feedback are given. 


00 943—Simplifying Switching Circuits with 
Boolean Algebra, May 1961, 6 pages. Discusses 
gains to be obtained in reducing circuit complexity 
and number of components through practical use 
of Boolean principles and Karnaugh maps. The 
NAND circuit is used as a “universal connective” 
to implement a number of sample circuits. 


(0 953—The Design Analysis of Materials, May 
1961, 11 pages. Design analysis of materials as a 
prerequisite to specification is examined. In the 
Introduction, various underlying factors are dis- 
cussed and the basic analytical approach given; in 
Part 1, principles are applied to classes of materi- 
als in terms of inherent characteristics, effects of 
form and configuration, environmental problems 
and cost vs intrinsic performance value; in Part 
2, principles are applied to general considerations 
and to external factors, including purity of ma- 
terials, effects of fabrication, and influences of 
research and test methods. 


(1) 939—Spring Design for Electronic Equip- 
ment, April 1961, 8 pages. Typical applications 
of small compression, extension, torsion, and flat 
springs are considered, with examples worked 
out with the aid of established equations and 
tabular data on material properties. Conservative 
stress values are in line with military reliability 
norms. 


(C0 927—Superconductive Circuits for Comput- 
ing Machines, April 1961, 12 pages. Gain and 
time constants of wire-wound and film type cryo- 
trons (operating at temperatures approaching 
absolute zero) are compared. Characteristics of 
cross-film types are given and their use illustrated 
as storage cells and as logic gates, adders and 
shift registers. Because of their minute size and 
very low power losses, wide use of cross-film 
cryotrons is foreseen in extremely compact digital- 
computer systems. 


(0 948—How to Make Basic D-C Measure- 
ments—2, April 1961, 11 pages. Following the 
discussion of basic units and precision d-c measure- 
ments of the May 1960 article (in Electrical . 
Manufacturing), the author offers details of 
standardizing methods for resistance devices: 
various forms of bridges, shunts and volt boxes. 
Circuits and illustrations fully support the text. 


0) 917—Quiet Wiring, March 1961, 4 pages. 
Explanation of what causes noise due to electro- 
magnetic ambient conditions. In most cases, noise 
can be reduced by proper wiring procedures. 
Examples are given. 


00 923—Stability of Epoxy-Encapsulated Mag- 
net-Wire Systems—An Analysis of Compati- 
bility Factors, March 1961, 9 pages. Rapid 
increase in the use of encapsulated windings and 
coils in motors and other applications creates a 
need for studies of the compatibility between 
resin encapsulant and magnet-wire insulation. 
This article reviews basic parameters in encapsu- 
lated magnet-wire system design, describes test 
methods used in compatibility studies, and presents 
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summaries and interpretations of test data obtained 
from several major test programs. 


(O 945—Network Synthesis—Some Notes on 
the Synthesis of RLC Transfer Functions and 
Constant-Resistance All-Pass Lattice Networks, 
February 1961, 2 pages. The basic principles of 
network synthesis, as presented in the January 
1961 issue Science & Engineering article, are 
applied to the synthesis of RLC transfer functions 
and constant-resistance all-pass lattice networks. 


0) 946—Reliability through Redundancy and 
Error-Correcting Codes, February 1961, 8 pages. 
The problem of reliability assumes serious pro- 
portions whenever numerous hardware components 
and transmissions of large amounts of data of 
an informational and control nature are involved. 
Beyond the very definite limits of improving of 
components, the problem must be attacked by use 
of redundant components and circuits. Principles 
of redundancy in equipment and coding in data 
transmission are discussed and examples given. 


0) 915—Advances in Magnetism and Mag- 
netic Materials, February 1961, 9 pages. A 
report on current advances in magnetic materials 
and their impact on design engineering, from 
the Sixth Annual Conference on Magnetism and 
Magnetic Materials co-sponsored by AIEE and 
AIP. Selected papers relating to the design en- 
ginering function are reviewed and interpreted: 
theoretical aspects, thin metallic films, oxides, 
high coercive force materials, metals and alloys, 
soft magnetic materials. Text supported by charts 
and graphs. 


(0 913—Editorial Index to Electro-Technology 
(formerly Electrical Manufacturing) for 1960, 
24 pages. This yearly subject-classified index is 
completely annotated, includes author index, plus 
separate indices for Editorial page, Design Trends, 
and Research Notes departments. Also reproduces 
the ELECTRO-TECHNOLOGY Subject Classification 
and Alphabetical Subject Cross index which form 
the basis of the index system. 


O 906—Bessel and Gamma Functions, January 
1961, 12 pages. Basic principles of Bessel and 
gamma functions and applications. Bessel’s equa- 
tion and the Bessel function, recurrence relation- 
ships, the generalized form of Bessel’s equation, 
the gamma function, solution to Bessel’s equation 
and the Bessel functions of the first and second 
kind, modified Bessel functions and the method 
for deducing recurrence relationships, or basic 
identities. 


(0 910—Survey of Power Transistors, Decem- 
ber 1960, 6 pages. Listing of all transistors 
(made by 18 companies) rated for max collector 
current of 1 amp and over. Characteristics given 
include forward current transfer ratio and col- 
lector breakdown current. Possible applications 
for each type included. 


(0 909—Variability in Functional Aging of 
Mylar Polyester Film for Hermetic Motor 
Application, November 1960, 5 pages. Tests 
show that commercial grades of Mylar polyester 
film age satisfactorily as slot insulation in hermetic 
motor systems, Classical tests such as density, vis- 
cosity, extractables and shrinkage are described, 
as well as a set of functional aging test procedures 
under simulated conditions. 


(0 940—Application of Electrical Insulation 
by the Fluidized-Bed Process, October 1960, 
5 pages. Advantages and limitations of the new 
fluidized-bed process for applying electrical in- 
sulation to components and equipments. The 
process is explored with respect to design engi- 
neering and economics. Practical applications in 
new designs are developed. 


(0 918—Modular Flow Graphs for Network 
Analysis, October 1960, 9 pages. Statement of 
rules for the manipulation of simple flow-graph 
forms, and a definition and description of basic 
modules for simple two-port networks. The modu- 
lar concept is expanded to include flow graphs 
representing three-terminal devices. These are 
used as modules to construct more complex flow 
graphs. 

(Continued on page 166) 
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BOSTON: (seriified 


precision spur gears 


Stainless Steel 10 to 40 teeth Aluminum 42 to 180 teeth 


Certified AGMA Precision Class 1 or better. 
Standard sizes from local Distributors’ stocks 
120 to 48 pitch - 20° P.A. Get new Catalog PG160 


Conform to Military specifications 


IN STOCK at your nearby DISTRIBUTOR 


BOSTO 
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LET MUELLER 
MAKE IT! 


Mueller Brass Co. of Port Huron is 
much more diversified than the name 
“Brass” implies . . . a lot more. In 
fact, because of its many and varied 
facilities . . . its men, methods and 
metals ... Mueller is in the unique 
position of being able to offer true 
single source service. 


MUELLER HAS THE MEN .. . experi- 
enced engineers with the ability to 
work out, creatively, tough design 
problems, and improve a part or 
components for production by the 
most economical method. You get 
sound engineering plus 44 years of 
practical metalworking production 
experience when you “Let Mueller 
Make It.” 


MUELLER HAS THE METHODS... 
when you “Let Mueller Make It”, 
you are utilizing one single source 
that is able to produce parts any one 
of these ways: as forgings, impact ex- 
trusions, sintered metal parts, screw 
machine products, formed tube or 
as Castings. 


MUELLER HAS THE METALS... and 
the materials . . . to produce pre- 
cision parts in aluminum, brass, 
bronze, copper, iron, and steel in 





hundreds of different alloys to meet 
each exact requirement. 


In addition, Mueller Brass Co. has 
complete and modern facilities for | 
performing all types of finishing and 
sub-assembly operations. Another | 
plus value is nation-wide sales engi- 
neering service. 


So, in the final analysis, no matter 
where you fit in the American indus- 
trial picture, whether you’re making 
missiles or mowers ...and no matter 
where you're located, it will pay you 
to LET MUELLER MAKE IT! 


MUELLER BRASS CO. 
PORT HURON 38, MICHIGAN 
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[} 944—Control System Representa- 
tions, December 1959, 3 pages. A chart 
showing seven basic control-system ele- 
ment classifications and their various com- 
mon representations, including transfer 
functions, equivalent analog computer 
circuits, Bode diagrams, Nyquist diagrams 
and time constants. This chart is now being 
included in the combined reprint of the 
recent series on “‘Automatic Control System 
Design’’ (see page 172). 


{7 930—Analytical Methods for Permanent- 
Magnet Design, Parts 1 and 2, September and 
October 1960, 19 pages. Physics of permanent- 
magnet behavior and design methods for open- 
circuit, permanent-magnet structures, followed by 
the more complex considerations involved in 
small air-gap magnet designs. The use of electrical 
network analogy methods is explored; examples 
support all the design method discussions. 


(0 911—Flat-Conductor Flexible Cables and 
Connectors for Flat-Conductor Flexible Cables, 
August and September 1960, 12 pages. Part 1 
includes cabling techniques and performance of 
flat-conductor flexible cables. Data are given on 
load-carrying capabilities, crosstalk, r-f attenuation, 
and on shielding techniques. Part II discusses 
application techniques and describes preferred 
methods for cable termination and connection. 


[] 951—Radiation Effects on Electrical In- 
sulation, September 1960, 7 pages. Basic para- 
meters of design in relation to the nuclear 
environment are investigated and illustrated in 
respect to the selected materials involved. Elec- 
trical properties of insulating materials and changes 
in these properties due to nuclear radiation 
energies are examined. 


(] 901—Function Generators Using the Hall 
Effect, August 1960, 3 pages. The fundamental 
voltage and geometrical relations of the Hall 
effect are presented. The possibility of using the 
Hall phenomenon for angular function generators 
is investigated, and the various potential char- 
acteristics of such generators considered. 


[-) 908—Tightening and Testing Torque 
Values for Small Machine Screws, August 1960, 
4 pages. Practical, usable tables giving safe torque 
values for tightening and testing various sizes of 
steel screws in several different metals and 
laminated phenolic. 


() 929—Errata Sheet for Basic Differential 
Equations, July 1960 Science & Engineering 
feature. To correct the error affecting Examples 
10 and 12 in this article (pages 100, 101, and 
102). 


[) 931—Relay Field Data Invited for Stand- 
ards Program. July 1960, 7 pages. A report on 
the Eighth National Relay Conference, with em- 
phasis on the objectives and progress of the 
Relay Testing Committee. Five award technical 
papers are summarized. 


Postage return cards are provided 
at end of book as a convenience 
to the reader in obtaining further 
information on— 


New Components and Materials 


Literature for the Design Engi- 
neer 


Feature Article Reprints 


Advertised Products 


MICROCIRCUITRY MACHINE — Will hold 
as many as 16 tools to make possible all 
necessary operations for progressive build- 
up of complete microcircuit on a substrate. 


K&S MODEL 410 
for progressively building 
up acomplete microcircuit 


Flexible design of this precision 
equipment cuts time and cost in 
research, development and pro- 
duction; results in higher relia- 
bility at the finished assembly. 


@ Eight tools can be mounted on 
each of two turrets, permitting a 
total of 16 sequenced operations. 


@ Optional equipment include 
probe points for electrical testing, 
thermo-compression bonding tools, 
vacuum component handling tools, 
welding tools, hot and cool gas jets 
for soldering, conduction soldering 
tool, wire feeds, nail head and 
stitch bonding tool, etc. 


@ Turrets controlled by chessman 
joystick micromanipulators for 
x-y motion; levers for z motion. 
@ Work column holds substrates 
up to 114 inches square, provides 
controlled heat, vacuum hold down 
and protective gas cover as well as 
x-y and rotational movement. 

®@ Microcircuit can be built up on 
substrate and tested without its 
removal from machine. 

@ Entire operation under constant 
visual control (B & L Stereo-Zoom 
microscope optional). 

Other K &S microcircuitry equip- 
ment: Multi-Dice Bonder; Three- 
Point Device Probe; Substrate 
Wire and Component Bonder. 
write or call... 


KULICKE 
and SO FFA 


MANUFACTURING CO. INC. 


SA 


401 NORTH BROAD ST. 
PHILADELPHIA 8, PA. 


WaAInut 5-4270 
Direct Distance Dial Code: 215 


of Equipment 
for the Semiconductor 


and Microcircuit Industries 
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Pioneer Designers and Builders 


MUELLER CAN MAKE MOST ANYTHING IN 
IMPACT EXTRUSIONS... 


We don’t really make locomotives, but the 18 

different Cold-Prest impact extrusions represented 

in the model were cold forged to exacting tolerances from 
a number of aluminum, copper, brass, and steel alloys. 


These parts are employed in products ranging from door 

closers to missiles. Mueller has also made important advances 

in the production of copper impact extrusions that are especially 
adaptable to electronic applications. Cold forgings are precision 
produced to exacting tolerances and offer the additional advantage 
of a better finish and appreciable metal savings. 


Mueller’s flexible facilities for the production of Cold-Prest Impact extrusions 

make practical long or short runs of simple or relatively complex shapes on an 
economical basis. In addition, the entire Mueller engineering staff, excellent machining, 
finishing and assembly facilities are readily available to you when you .. . 


LET MUELLER MAKE IT! 


Write today for Engineering 


M U Ee L L Ee a BRASS co. Manual No. FM-3019 


PORT HURON 38, MICHIGAN 
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Science & Engineering Reprints 


Reprints of special Science and Engi- 
neering articles or of compendiums into 
which are combined several separate 
articles on the same or related subjects 
are available at the nominal prices indi- 
cated in each listing. For ordering con- 
venience, use the handy Order Form 
on facing page. Orders must be ac- 
companied by remittance (either in 
cash or check). Please add 3% City 
Sales Tax on orders for New York City 
delivery. Make checks payable to Elec- 
tro-Technology. 

Since handling expenses are a signifi- 
cant cost element in the distribution of 
the reprints, grouping of orders makes 
possible substantial savings in cost per 
copy. For single shipments to one ad- 
dress, the following prices (which in- 
clude shipping charges) per copy ap- 
ply. (Such orders may be for multiple 
copies of one reprint, or an “assort- 
ment” of reprints.) Prices for larger 
quantities are available on request. 


Reprint Title 5 25 
All regular $1.00 reprints $.90 
Electrical Insulation—1960 1.80 
Automatic Control Systems 2.00 
Boolean Algebra 1.80 
Semiconductor Electronics 1.80 
The Forum 1.80 
Heat-Transfer Compendium 2.00 
JIC Standards 75 
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One-Year $ & E Subscription 
Now Available 


(Cj For readers desiring to receive a reprint 
copy of each monthly Science & Engineer- 
ing feature as it appears, an annual sub- 
scription is now available. Subscription fee 
for one year (covering 12 monthly S$ & E 
articles) is $6.00. Annual subscription 
will be processed to start with the current 
month’s feature. (Special compendiums 
which are not a part of the S & E series 
are not included in this offer.) $6.00 


i 


] Electromechanical Energy Conversion, Sep 
ember 1961, 26 pages. The dynamic nature of 
‘lectromechanical devices, including motors and 
senerators, makes static equivalent-circuit repre- 
entation for such devices inadequate for perform- 
wmce and system analysis, especially in the all- 
mportant transient conditions. In this article, use 
#f force-energy relations for deriving significant 
nd flexible relations between electrical and me 
hanical elements is described in detail. Methods 
f developing dynamic circuit equivalents for 
lectromechanical components are induced from 
vasic physical laws, and their use demonstrated 

$1.00 


J Electrochemical Energy Sources (June & July 
961) and Unconventional Power Sources 
August & September 1961), 32 pages. Contains: 
1) a study of the characteristics and systems design 
f several types of galvanic power sources for missile 
md space-vehicle uses—silver oxide/zinc and 
ickel/cadmium batteries; (2) reviews of the 
arious types of power sources being developed or 
onsidered to supply more power under unusual 
ircumstances—fuel cells, thermoelectric and ther- 
xionic converters, solar cells, magnetohydrody- 
amic converters, photoemissive generators, ferro- 
lectric converters, $1.00 
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( Heat-Flow Theory and Extended Sur- 
faces for Heat Transfer, 74 pages. An 
authoritative and thorough guide to heat- 
flow analysis, consisting of the five-part 
series of articles, “Extended Surfaces for 
Heat Transfer,” February through July 
1961; the article “Bessel and Gamma 
Functions,” January 1961; and the S 
& E series article, “‘Heat Flow Theory,” 
April 1959. Analytical design methods 
for heat-transfer surfaces in the form 
of fins and spines are covered in 
basic principles and in detail. Far more 
powerful than conventional handbook 
methods, the analysis makes possible opti- 
mal selection of shape and dimensions of 
surfaces. The article on Bessel and gamma 
functions includes tables important to 
heat-flow analysis; the supporting theoreti- 
cal principles are completely developed in 
the basic article on heat flow. $3.00 


[J Tensor Analysis, August 1961, 18 pages. The 
methods of tensor analysis are developed, with 
emphasis on those aspects useful in engineering. 
The role of the tensor as a generalized mathematical 
statement, of which scalar and vector quantities are 
specific cases, is clarified, and various important 
transformation techniques illustrated. $1.00 


[] Wear of Materials—Impact on Design Fail- 
ure, July 1961, 8 pages. A study of the basic 
mechanisms and resistance to wear of materials 
used in engineering design. Types of wear, theory 
and factors affecting wear are investigated. Based 
on the behavior of metals under various environ- 
ments and service conditions, valid conclusions are 
drawn from current research and development for 
the prediction of wear rates and wear resistance. 
Methods for the minimization of wear are also 
presented. $1.00 


[) Vector Analysis, June 1961, 20 pages. The 
powerful methods of vector analysis are fully de- 
veloped on the basis of mathematically exact 
conceptions of vector and scalar functions and 
fields. The true nature and significance of various 
coordinate systems and the usefulness of trans- 
formations, the application of matrix and efficient 
notation systems are demonstrated. Physical ex- 
amples illustrace the methods. Primary vector 
laws such as those of Gauss and Stokes are pro- 
jected for more profound views of Kirchhoff's 
laws and Maxwell's equations. $1.00 


( Engineering Psychology and Human Factors 
in Design, May 1961, 24 pages. Engineering 
psychology is treated as a primary experimental 
research arm of human-factors engineering. The 
relation of man-machine-environment interactions 
to equipment and systems design for optimum 
performance is examined in the following funda- 
mental areas: The Systems Approach, Method- 
ology in Engineering Psychology, Information Sens- 
ing and Processing, Factors in Decision Making, 
Man and the Control Process, Human Vigilance, 


(CD Casting Resins and Application Tech- 
niques for Embedment, Encapsulation, 
and Impregnation, 44 pages. A compen- 
dium of seven articles on the above sub- 
ject published in these pages during the 
period 1958-61. Articles deal with vari- 
ous aspects of the subject, and are particu- 
larly concerned with problem areas such 
as insulation systems compatibility and 
thermal conductivity. A bibliography of 
articles on the overall subject of electrical 
insulation and dielectrics published in 
1959 and 1960 is included. $1.00 


Human Skills as Systems Considerations, Environ- 
mental Stress, and Human Interactions. $1.00 


(1 Quantum Electronics, April 1961, 12 pages. 
An introduction to the theory of quantum mech- 
anics written for the electrical engineer concerned 
with its application to solid-state devices such as 
semiconductors. Includes Planck’s radiation theory, 
the concept of the Bohr atom and de Bro- 
glie’s hypothesis of the wave-particle duality of the 
electron. The wave equation is related to the 
Schrédinger equation. Among other aspects con- 
sidered are: observables and operators, eigen 
functions and values, the indeterminacy princi- 
ple. $1.00 


(0 Probability, Statistics and the Theory of 
Games, March 1961, 24 pages. Basic patterns, 
laws and mathematical models revolving around 
the theory of probabiliry fundamental to any 
field of application: permutations and combina- 
tions, probability of events occurring in a sample 
space, distributions, random variables, the Law of 
Large Numbers. averaging, estimation, random 
processes, correlation theory, spectral analyses, 
the Gaussian process, construction of tests, games 


theory. $1.00 


(0 Fundamental Nature of Electrical Break- 
down, February 1961, 20 pages. The phenome- 
non of electrical breakdown is examined in its 
various aspects, beginning wth classical theories 
of mechanisms of breakdown and concluding with 
consideration of the influence on breakdown of 
the nature of the dielectric (primarily electron 
behavior and molecular structure). Practical de- 
sign implications are drawn from theoretical dis- 
cussion; physical illustrations and analogies are 
used, in addition to mathematical derivations. 
Basic concepts discussed are drawn from phenom- 
ena of breakdown in gases—applicable to explana- 
tion of breakdown in liquids and solids. $1.00 


(0 Semiconductor Electronics, 44 pages 
plus cover. A complete reference work 
for the engineer interested in the theory 
of operation of semiconductor diodes and 
transistors and in the design of circuits 
involving such devices. Beginning with a 
discussion of solid-state physics, this series 
of six articles proceeds to a detailed de- 
scription of junction diodes and trans- 
istors, their construction, and their work- 
ing characteristics. Procedures for the 
analysis of transistor networks and the 
design of amplifier and switching circuits 
are given. $2.00 


(0 Introduction to Network Synthesis, January 
1961, 20 pages. Basic characteristics of network 
synthesis are presented and synthesis for optimum 
results and exact solutions is demonstrated. Fre- 
quency-domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of simple 
driving-point functions by recognition, realiza- 
bility conditions of network functions, approxi- 
mation of a given curve by an appropriate rational 
function, related problems. $1.00 


() Electrical Insulation Deterioration, Decem- 
ber 1960, 8 pages. Nature of thermally accelera- 
ted deterioration of electrical insulation (and 
other organic materials, such as plastics) dis- 
cussed from viewpoint of practical design en- 
gineering parameters. Among other aspects, re- 
lationship between deterioration process and 
equipment and systems reliability is —. 
1.00 


(0 Electrical Noise, November 1960, 20 pages. 
Major types and origins of electrical noise, and 
the effects of noise on system behavior. Examples 
given of techniques for evaluating system per- 
formance in terms of noise sensitivity and reduc- 
tion, Emphasis on concept of noise as a random 
process, as distinguished from systematic or peri- 
odic interference. $1.00 
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(1) Number—The Language of Engineering, 
October 1960, 16 pages. The theory of numbers 
is concerned with the properties of integers and 
is used by the engineer for a wide range of 
problems, such as: the use of the sawtooth 
function to synthesize all types of discontinuous 
waveforms, the representation of an integer as a 
sum of squares, etc. $1.00 


(1) The Nature and Control of Corrosion, 
September 1960, 12 pages. A basic study of the 
causes, mechanics and chemistry of corrosion. 
Methods for prevention are outlined. Design 
considerations and types of materials and treat- 
ments are interpolated for control of specific types 
of corrosion met in engineering design. $1.00 


() Microwaves—Principles and Devices, Au- 
gust 1960, 24 pages. Basic laws and equations 
of electric and magnetic fields. Propagation of 
microwaves in various media, including two- 
conductor, round and square waveguides. Princi- 
ples are applied to the design and use of the 
slotted line, the dummy load, rotary joints, and 
preselectors. $1.00 


() Basic Differential Equations, July 1960, 20 
pages. First-order differential equations (method 
of separation of variables, the integrating factor, 
homogeneity), higher-order differential equations 
(the differential operator, non-homogeneous equa- 
tion, Picard’s method, solution of equations with 
variable coefficients by power series). Application 
to basic mass-spring-damper system throughout, 
with examples. $1.00 


(0 Electrical Analogs for Mechanical Systems, 
June 1960, 20 pages. System parameters of 
dynamic states of mechanical systems are trans- 
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lated into electrical network equivalents. Reas- 
oning behind the analog approach and the various 
analog forms. Included are discussions of the 
principle of duality of analog, reasons for choos- 
ing a circuit or its dual for a particular analysis, 
and the use of distributed-parameter networks 
(long lines) to simulate certain mechanical ele- 
ments. $1.00 


(0 Introduction to Molecular Engineering, May 
1960, 20 pages. An examination of the concept, 
principles and techniques of molecular engineer- 
ing in terms of its ultimate use in design of 
equipment and systems. Part I defines molecular 
engineering as the application of molecular be- 
havior to the design of materials and devices of 
prescribed characteristics. Part II examines the 
elements of the classical macroscopic approach 
to the behavior of materials as well as the micro- 
scopic or molecular approach. Part III provides 
extended examples of molecular engineering in 
the areas of electrical insulation, microwave 
amplifiers, thin-film devices and microminiature 
electronics function blocks. $1.00 


(0 Logic—and Switching Circuits, April 1960, 
36 pages. The fundamental principles of logical 
reasoning, contained in Aristotle’s syllogism, de- 
veloped into the Boolean algebra and the logis- 
tics of the Principia Mathematica, and applied in 
circuit design and computer programming, are 
developed. The basic postulates are tabulated in 
their verbal, algebraic, diagrammatic, and circuit- 
schematic form. The article deals with methods 
applied to solve the problems of circuit synthesis 
and the fundamental ideas which can be applied 
to design of the most complex circuit. $1.00 


(0 Infrared—Fundamentals and Techniques, 
March 1960, 28 pages plus cover. Basic principles 
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Price copies 


(0 Ring Binder for Science & Engineer- 
ing Reprints. Readers who want to keep 
their reprint copies of the monthly Science 
& Engineering feature both safe and 
handy will want this maroon-colored 
binder made of flexible, Morocco-grained 
leatherette stamped in gold. The standard 
1%-in. rings will accommodate about 
twenty S & E reprints. $2.50 


of radiation and detection (including Wien's 
Law, Rayleigh-Jeans Law) are explained. Effect 
of infrared on metals, ionic crystals, and semi- 
conductors. Various types of sources, windows, 
prisms, detectors, and spectrographs are discussed 
qualitatively. Also includes theory of use of infra- 
red in practical applications. $1.00 


(0 Thermoelectric Effects, February 1960, 16 
pages plus cover. Basic theories as developed by 
Seebeck, Peltier and Thompson (Kelvin) are 
brought up to date in the light of new semi- 
conductor thermopile compounds. Thermo- 
electricity is discussed from free-electron and ther- 
modynamic points of view. Four basic applica- 
tions of thermoelectric phenomena are considered: 
power generation, heating, cooling and tempera- 
ture sensing. $1.00 


(0 Network Analysis, January 1960, 28 pages 
plus cover. A discussion of present-day practices in 
network engineering and their theoretical back- 
ground. Network theory as a coherent and unified 
study is stressed, as contrasted with the less power- 
ful and less useful traditional approach to cir- 
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The new 906C timing 
system is here 


What’s different about the 
NEW 906C VISICORDER OSCILLOGRAPH? 


At first glance you may see no difference at all. Just the 
same functional lines and compact size that you have come 
to recognize in the Visicorder. 


They have not changed since 1956, when the Visicorder 
principle of oscillography made immediate readout of high 
frequency data possible for the first time. 
Until now, all the improvements that have maintained the 
Visicorder’s record of leadership have been internal: 
—increased capacity to 14 channels 
—higher frequency response (0-5000 cps) 
—simultaneously recorded grid lines 
—self-starting lamp for remote operation 
But the 906C has a new feature you can see, (look carefully 
at the back of the case) and one that represents still another 
breakthrough; a built-in flash tube timing system which not 
only generates its own time base, but which can also be 
triggered externally. You can, in other words, use the 906C’s 


HONEYWELL INTERNATIONAL 


Sales and Service offices in all principal cities of the world. Manufactur- 
ing in United States, United Kingdom, Canada, Netherlands, Germany, 
France, Japan. 
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timing system to record time lines simultaneously with data. 
Or you can trigger the timing circuit externally—either by 
supplying a pulsing voltage of only +10v into 20K ohms 
impedance, or simply by causing impedance to drop to 100 
ohms or less through shorting-out or other means. 

Thus your ‘“‘time”’ signal may actually be an event marker 
related to shaft rotation, belt movement, or any other effect 
which might be more conveniently fed to the timing circuit 
than to a galvanometer. 


(Owners of Visicorders 906, 906A, and 906B will be glad 
to know that only a field-change is necessary to economically 
and easily add this timing system to their instruments), 


Write today for full information on the brand-new 906C 
Visicorder. Ask for Catalog HC-906C. Or call us at SKyline 
6-3681, Direct Distance Dialing Code 303. 


Minneapolis-Honeywell, Heiland Division 
5200 East Evans Avenue, Denver 22, Colorado 


Honeywell 
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cuits which involve isolated and unrelated 
“methods” of analysis. $1.00 


(0 Determinants and Matrices, December 1959, 
20 pages plus cover. The principles treated apply 
to all problems involving numerous mathematical 
statements. Included are specific rules for the 
use of determinants for solving systems of simul- 
taneous equations, including refinements of the 
basic procedures to apply to higher-order systems, 
and the underlying principles of matrix algebra. 
Examples demonstrate the time- and error-saving 
advantages of these two forms of mathematical 
shorthand. $1.00 


(0 Sampled-Data Systems, November 1959, 20 
pages plus cover. An introduction to the analysis 
of closed-loop control systems in which the 
input or error signal is periodically sampled 
(rather than continuously connected) as by a 
sampling switch. Presents impulse-response, fre- 
quency-response, p-transform and z-transform 
methods. Shows how to plot Nyquist, Bode and 
root locus diagrams with z transforms. Use of 
the normalized sT plane for analyzing sampling 
adequacy, ‘“pseudo-sampling’’ for determining 
between-sample response and the use of the z 
transform for table-generating function. $1.00 


0) Low-Noise, Solid-State Microwave Ampli- 
fiers, October 1959, 16 pages plus cover. Basic 
quantum mechanical principles underlying the 
operation of paramagnetic MASER amplifiers (in- 
cluding ammonia gas, two-level solid state, three- 
level solid state and optically pumped devices) 
and parametric MAVAR amplifiers (both semi- 
conductor and ferromagnetic types) plus a brief 
introduction to the tunnel-diode amplifier. $1.00 


© Digital Methods in Measurement and Con- 
trol, September 1959, 20 pages plus cover. 
Covers: (1) characteristics and advantages of 
the digital approach; (2) basic principles of 
coding, sampling and quantizing; (3) digital 
components and techniques for logic and infor- 
mation storage; (4) digital measurement devices; 
(5) digital control actuators. $1.00 


(0 The Fundamental Properties of Plastics, 
August 1959, 16 pages plus cover. The funda- 
mental science of polymeric materials is related 
to design engineering properties of plastics. Dis- 
cussion covers: the molecular formation of poly- 
mers; the chemistry of addition and condensation 
polymers; the theoretical basis for mechanical, 
electrical, chemical properties of polymers. $1.00 


O The Electric Field (an Electrical Applied 
Physics Monograph), July 1959, 12 pages plus 
cover. Contents include discussions of the follow- 
ing: Electrostatics; Electric Fields in Free Space; 
Electric Induction; Capacitance; Mechanical Con- 
siderations; Field Effects in Devices. $1.00 


(10 Key to Metals in Design Engineering, May 
1959, 24 pages. Basic principles of metallurgy 
and structural characteristics of metals are related 
to design concepts. The effects of environment 
and mechanisms of damage are illustrated. Iron 
and steel, aluminum, precious and rare metals, 
copper, nickel and magnesium are presented in 
their basic design relationships to fundamental 
properties. $1.00 


(J Heat Flow Theory, April 1959, 20 pages. 
Basic equations for conduction, convection and 
radiation are derived. Dimensional analysis used 
to establish the parameters and the various ‘‘num- 
bers” (Reynolds, Prandtl, Nusselt, Graetz, etc.) 
involved in convection expressions. Examples 
chosen from electrical and electronic (transistor) 
applications. $1.00 


(0 Fundamentals of Ferromagnetism, March 
1959, 32 pages. A new approach to the study 
of magnetism, derived from modern solid-state 
physics. Includes: Origins of Ferromagnetism; 
Internal Structure of Ferromagnetic Materials; 
Magnetization Curves; Time Effects in Soft Mag- 
netic Materials; Effects of Atomic Ordering in 
Alloys; Interactions for Heterogeneous Systems. 

$1.00 


(10 Using Fourier Analysis in Design, February 
1959, 16 pages. A thorough theoretical back- 
ground on Fourier analysis is presented plus 
a discussion of the areas of application with 
specific examples to point up particolar problems 
often encountered. Permits system devices to be 
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BR-12P (case removed) 


In one versatile new BR-12 micro-miniature 
series, Babcock offers relay types suitable to a 
wide range of novel uses in extreme environments. 


, 


The BR-12P is an especial boon to those designing 

for both sides of the component card due to low profile 

and side header mounting arrangement. A second type, 
p the BR-12K, provides sensitivity down to 20 mw. Both types 
have contacts rated at dry circuit through 3 amps resistive. 

Performance characteristics are generally shared with other 

types in the BR-12 Series. All are available with activated 

getter material, providing lifetime prevention of contami- 

nation effects at dry circuit to rated current on contacts. 

You are invited to request 

complete technical data. 


BR-12K 


PERFORMANCE 
CHARACTERISTICS - BR-12 SERIES 


Contact Rating: 3 amps resistive 
Vibration: Minimum 30g to 
to 50g on sf re Lm elaine 
Shock: Standard, 75g or spec 
Temperature: —65 °C to +1 
Note: All Babcock Relays are 

leakage rate of 1 per sé 

on mass spectrometer 


BABCOCK RELAYS, INC. i 
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synchronous motors 


DTHER PRODUCTS: SYNCHROS RESOLVERS SERVO MOTORS MOTOR GENERATORS 
INTEGRALLY GEARED UNITS INDUCTION GENERATORS DRAG CUP MOTORS 
SYNCHRONOUS MOTORS PERMANENT MAGNET GENERATORS VELOCITY AND 

INERTIA DAMPED UNITS .. . AND SPECIAL DESIGNS. 


kollsman motor corporation 
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designed or selected for a particular transient 
performance on basis of steady-state sinusoidal 
action. $1.00 


COMPENDIUMS———— 


0 Electrical Insulation—1960, December 1960, 
52 pages, special Research and Application Re- 
port. Contains three major articles: Dynamic 
Mechanical Properties of Plastics Dielectric Ma- 
terials, Advances in Flexible and Semi-Rigid 
Electrical Insulating Materials, and Research Prog- 
ress in Dielectrics—1960. Plus: other articles 
on ultrathin films, capacitor dielectrics, European 
application practice, international standards, in- 
sulation application problems and trends. Offered 
in combination with regular December 1960 
Science & Engineering article, Electrical Insula- 
tion Deterioration. $2.00 


(1 The Forum: Computing Machines in Con- 
trol Systems, 44 pages. A compendium of the 
following articles: “Computing Machines in 
Control Systems—Blocks to Communication and 
Basic Principles” (December 1960); “Analysis 
of Numerical Control Systems,” a functional 
description of 36 representative numerical control 
systems displayed at the Chicago Machine Tool 
Exposition—1960 (November 1960); “Machine 
Tool Control—Principles of Data Processing in 
Numerical Control of Machine Tools,” plus a 
panel discussion of the subject by experts from 
the various disciplines involved in the synthesis 
and use of machine-tool control systems (March 
1961). Includes also a comprehensive one-page 
Bibliography. $2.00 


(0 Digital Computing Machines, October 1960, 
24 pages. The fundamental functional components 
of digital computing machines. Glossary of term- 
inology. Tabulation of special world-wide survey 
of digital computing machines presents essential 
characteristics of digital computing machines in 
production and in advanced stages of development. 
Principles of operation and application for design 
engineers. $1.00 


(0 Transformer Materials for Extreme Environ- 
ments, March, April, May and June 1960, 28 
pages. A series of four articles interpreting re- 


search and development on small transformers 
designed to operate under extreme environments 
of 500 C temperature and nuclear radiation. Work 
carried out under Air Force and Bureau of Ships 
contracts presents data on: electrical insulation 
materials, magnet wire (both wire and insula- 
tion), magnetic core materials, and transformer 
structural materials. $1.00 


(0 Automatic Control System Design, 64 pages 
plus cover. A_ practical textbook on the 
design of servomechanisms. In the process of 
describing design by transfer function, system 
equation, and root-locus methods, techniques of 
analysis such as Bode diagrams, Routh's criterion, 
and Nyquist plots are also presented. Includes 
background material on complex variables and 
Laplace transforms, bibliography for further study. 
Originally published in these pages as a series 
of six articles. $3.00 


( Engineering Applications of Boolean Alge- 
bra, 68 pages. A design guide to the analysis and 
synthesis of switching circuits and logic systems— 
both combinational and sequential—in any me- 
dium: mechanical, electrical, hydraulic, electronic 
or solid state. Includes five previously published 
articles plus an added appendix. $2.00 


(0 Slide Rule Mathematics, 20 pages, plus 4 
practice slide rules printed separately. Logical 
development of the slide rule’s fundamentals and 
complete concise instructions for its use. Major 
topics include: The Basic Slide Rule; Variations 
on Basic C-D Operation; Trigonometry; The Log- 
Log Scales; Vector Diagrams; Hyperbolic Func- 
tions; Phasor Calculations; The Circular Slide 
Rule. $1.00 


(—.0 JIC Electrical Standards for Industrial Equip- 
ment, June 1957, 24 pages. Revised specifications 
for application of electrical apparatus to machine 
tool and other industrial equipment, as adopted by 
the Joint Industry Conference held in Detroit, 
March 1957. Single reprints, $1.00. Multiple 
quantities may be obtained at the following prices: 
5—$3.75; 10—$6.00; 25—$12.50; 50—$20.00; 
100—$30.00. Send check with order payable to 
ELECTRO-TECHNOLOGY, 205 East 42 St., New 
York 17. 
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OZALID'S 
NEW PRINTMASTER 


PRINTMASTER 900 
Ht.—70'/2”, Width—84'4”, Depth— 
46/2”. Newest in Ozalid’s family 
of whiteprinters...all designed 
to give you the finest repro- 
duction at the lowest pos- 
sible cost. Whatever your 
need there’s an Ozalid 
whiteprinter to 
meet it. 


Big volume of engineering prints? Put Ozalid’s new Printmaster 900 to work. 
This new, heavy-duty whiteprinter, is a workhorse for capacity, a thorough- 
bred for quality, a favorite for economy. 

Fast! Top speeds up to 75 feet per minute. Versatile... processes any dry 
diazo material up to 42” wide without sticking. Develops both sides in one 
pass! Unique...new, sleeveless, scratch-proof developing and simplified 
control make it top performer in its price class. 

Here, in truth, is a new concept in whiteprinting. New ideas, new designs 
from the leader in the industry that spell new efficiency, reliability, economy 
in engineering reproduction. 

The coupon will bring you the facts on Ozalid’s new “900”. Facts that 


may save you thousands yearly. Mail it today. OZALI D® 


) Division of General Aniline & Film Corporation, Jonnson City, New York 
‘REMEMBER, FOR PEAK EFFICIENCY, ALL OZALID WHITEPRINTERS WORK BEST WITH OZALID SENSITIZED MATERIALS 


Mr. James A. Travis, Mgr., Marketing 
Ozalid, Dept. 194, Johnson City, New York 


Please send information on New Printmaster 900. 
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Firm 
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LITERATURE for the Design Engineer 


All-new listings of manufacturer’ s literature just off the press . . . including 


catalogs, manuals and other reference publications relating to components 


and materials for designed-in use in electrically energized end products. 


DETECTOR PHOTOMULTIPLIER 


Bulletin 561, one sheet, describes mag- 
netically shielded tubes with scintillat- 
ing detector mounted directly on face. 
Available with Nal(T1l), anthracene, 
stilbene or zinc sulfide detectors. Na- 
tional _Radiac, Inc., 475 Washington 
St., Newark 2, N. J. 
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HIGH-FREQUENCY TRANSISTORS 
Single-page Data Sheet NS-381-4 pre- 
sents data on size TO-18 silicon n-p-n 
transistors for high-speed-switching and 
high-frequency-amplifier applications. 
Turn-on time is 15 nanosec max, turn- 
off time is 25 nanosec max. Dissipates 
1 watt at 25 C. Operating temperature 
is —65 to +175 C. National Semicon- 
ductor Corp., Danbury, Conn. 
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DIGITAL-SYSTEM MODULES 


Catalog, 16 pages, contains schematic 
diagrams of Series 300 solid-state digi- 
tal card modules. Includes specifica- 
tions and logical descriptions of flip- 
flops, shift registers, counters, clocks, 
comparators, amplifiers, and various 
gates. Navigation Computer Corp., 
Valley Forge Industrial Park, Norris- 
town, Pa. 
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CONSTANT-CURRENT POWER SUPPLY 
Two-page release describes supply 
Model RI-234, 0 to 230 ma d-c. Out- 
put voltage, 0-365 volts. Contains photo- 
graph, description and specifications. 
Northeast Scientific Corp., 30 Wether- 
bee St., Acton, Mass. 

Circle 759 on Inquiry Card 


HEAT-REFLECTIVE AND 
HEAT-BARRIER TAPE 


Two-page release describes EE-6100 
and EE-6101 reflective and barrier 
tapes, respectively. Contains construc- 
tion properties, characteristics and in- 
frared radiation reflectance and heat- 
soak test curves and descriptions of the 
tests. Tapes are glass-aluminum with 
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or without adhesive. Permacel, New 
Brunswick, N. J. 
Circle 760 on Inquiry Card 


MOLDED COMPOSITION 
POTENTIOMETERS 


Bulletin 156C contains diagrams, de- 
scriptions, specifications, drawings and 
characteristic curves of Type AB and 
AS units to meet MIL-R-94. Ohmite 
Mfg. Co., 3673 Howard St., Skokie, Ill. 
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TEST SETS AND POWER SUPPLIES 


Eight-page catalog includes descrip- 
tions of liquid and solid dielectric test- 
ers, a-c/d-c test set, 150,000-volt a-c 
test set, high-voltage d-c power unit, 
calibrating unit for corona test sets, etc. 
Contains photographs, descriptions and 
specifications. Peschel Electronics, Inc., 
Patterson, N. Y. 
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PHOTOELECTRIC CHOPPER 


Four-page brochure describes the 
“Photoverter” modulator which con- 
verts d-c signals to a-c and vice versa, 
using photoelectric cells as the modu- 
lating element. Life over 10,000 hr. 
Contains specifications and applica- 
tions. Photochron Instruments, Inc., 
662 Main St., Westbury, N. Y. 
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ARMATURE-WINDER BULLETIN 


Four-page Bulletin 613AH describes 
operation of double-flier automatic 
winder and provides complete specifi- 
cations and description. Possis Machine 
Corp., 825 Rhode Island Ave. South, 
Minneapolis 26, Minn. 
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SEMICONDUCTOR RELIABILITY 
NOMOGRAPH 


One cardboard sheet, with instructions 
for use, allows quick computation of 
acceptance number for any given 
sampling plan and prediction of suc- 
cess rate from life-test data at a 90 
per cent confidence level. Raytheon 


Co., Semiconductor Div., 215 Ist Ave., 
Needham, Mass. 
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HEAT-RESISTANT PHENOLIC RESIN 


One-sheet Technical Bulletin PLY-50 
describes “Plyophen 23-057,” polyamide 
modified resin which can withstand 
short exposures to temperatures above 
6000 F. Includes laminate preparation, 
flexural properties and strength data 
at elevated temperatures, compressive 
properties and specifications. Reichold 
Chemicals, Inc., RCI Building, White 
Plains, N. Y. 
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VOLTAGE-CURRENT CALIBRATOR 


Technical Bulletin 60-C, one sheet, de- 
scribes Model 1082 calibrator which 
samples and measures a-c pulse or d-c 
signals from 1 mv to 10 volts and ac- 
cepts input-signal bandwidths to more 
than 100 mc. Contains description, 
photographs and waveforms of appli- 
cations to magnetic core testing and 
meter calibration. Rese Engineering, 
Inc., A and Courtland Streets, Philadel- 
phia 20. 
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PUMP BULLETIN 


Bulletin 150.4, four pages, covers 16 
sizes of Type SRA, small special-appli- 
cation units with capacities up to 50 
gpm and ranges to 350 psig. Rotor- 
stator, progressing-cavity principle, 
which allows handling of abrasives or 
suspended solids, is illustrated and de- 
scribed. Includes rating chart for all 
pump sizes at varying speeds and dis- 
charge pressures, dimension drawings 
and tables, engineering drawings and 
parts lists. Moyno Pump Div., Robbins 
and Myers, Inc., Springfield, Ohio. 
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COOLING FAN 


Four-page Catalog E-2800 describes 
“muffin” fan with narrow axial depth 
mounting and silent operation. Unit 
has 100 cfm capacity. Brochure con- 
tains engineering drawings, specifica- 
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Partial Listing of Uses for 
OFHC Brand Copper... 





THIS IS THE 
REGISTERED TRADE-MARK 
OF A COPPER ON THE MOVE 


The electrical-electronic industries in particular are making more 
and more use of the benefits inherent in OFHC® brand copper: 


OFHC brand copper is more than just a deoxidized copper. It's 
a copper designed to be oxygen-free from the start to the end of 
its processing. An AMCO designed method excludes any chance 
of oxygen absorption. 

To fabricators this means good ductility and workability—so 
necessary, for example, in wire drawing. Too, they can get fine 
finishes on tough jobs such as cold hobbing. 

Users prefer OFHC brand copper because, along with other 
qualities, they are assured of high uniform electrical and thermal 
conductivity. Extra resistance to oxide scale flaking at higher-than- 
usual temperatures is another advantage. Characteristics like these 
make OFHC brand copper the choice for such critical applications as 


klystrons, multiple cavity magnetrons, cyclotrons and electron For the a ne 
tubes requiring glass-to-metal seals. by the electronic industry, Amco also 
| BE produces “Certified” OFHC brand 
PP i eS pe arm e a SE, PERE Ra On fay ee Me a? Pe copper. Guarantees include a very low 
Gages impurity content of high-vapor-pres- 
5 ae sure elements along with a higher 
, eater , ; 
AMCO, a division of American Metal Climax nc resistance to hydrogen embrittlement 
1270 Avenue of the Americas, New York 20, N.Y than specified by ASTM #170-47, 
Detroit » Chicago « Los Angeles Section 6. 
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tion curves and descriptions. Rotron 
Mfg. Co., Inc., Woodstock, N. Y. 
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TUBING GUIDE 


Technical Bulletin 12-10, four pages, 
covers principal characteristics, size 
range and relative cost of carbon and 
alloy steel tubing for mechanical, struc- 
tural and hydraulic applications. Stain- 
less steel, aluminum and _ industrial 
plastic are also covered. Joseph T. 
Ryerson & Son, Inc., Box 8000-A, Chi- 
cago 80. 
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PHENOLIC RESIN FOR 
ELASTOMER ADHESIVES 


Four-page bulletin entitled “Schenec- 
tady Presents SP-134” presents techni- 
cal data on light-colored, heat-reactive 
resins. Includes pictures and graphs 
depicting tensile shear, peel-back and 
pre-reacting resin test data. Schenec- 
tady Varnish Co., Inc., Schenectady 1, 
ae a 
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SURFACE-ROLLED PATTERNS 
IN STEEL 


Illustrated 20-page bulletin contains in- 
formation on sizes, pattern designs and 
identification numbers, uses and fabri- 
cating methods for patterns in stainless, 


VITAL LINK! 


carbon and coated steels. Sharon Steel 
Corp., Sharon, Pa. 
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VOLT-OHM-MILLIAMMETERS 


One-sheet brochure describes Models 
267 and 268, 0 to 50 and 0 to 60 pamp 
ranges, respectively, with sensitivity of 
a-c voltage ranges to 5000 ohms/volt. 
Contains photographs and _ specifica- 
tions. Simpson Electric Co., 5200 W. 
Kinzie St., Chicago 44. 
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DOUBLE-DIFFUSED AXIAL 
SILICON RECTIFIERS 


Six-page catalog describes hermetically 
sealed units with up to 6-amp ratings. 
Covers molded-insulated-body, with or 
without lugs on both ends or rectifiers 
for direct replacement of stud-base 
types. Contains information on voltage 
bridge rectifiers and other devices. In- 
cludes product information, applica- 
tion data, photographs and complete 
test results. Solitron Devices, 500 Liv- 
ingston St., Norwood, N. J. 
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CARBON-FILM RESISTORS 

Six-page Engineering Bulletin 7005 
covers epoxy-coated resistors rated for 
full wattage (% to 1-watt range) 
operation at 70 C. Tolerance, +1 per 


cent; values to 3.16 megohms. Con- 
tains photograph, descriptions, specifi- 
cations and _ characteristic curves. 
Sprague Electric Co., 307 Marshall St., 
North Adams, Mass. 
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VARIABLE-SPEED DRIVES 


Catalog 700, 100 pages, covers drives 
which consist of an a-c squirrel-cage 
induction motor, enclosed transmission 
case, control mechanism and optional 
gear reducer. Speeds available from 
4660 down to 0.2 rpm, with variations 
of up to 10:1. Contains technical in- 
formation, engineering drawings, pho- 
tographs and specifications. Sterling 
Electric Motors, Inc., 5401 Telegraph 
Rd., Los Angeles 22. 
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CERAMIC MAGNET 


Form 106, one sheet, describes F-620 
oriented barium-ferrite magnets with 
3000 oersteds min coercive force. Con- 
tains photograph, specifications and 
demagnetization and _ energy-product 
curve. D. M. Steward Mfg. Co., Chatta- 
nooga, Tenn. 
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TEST INSTRUMENTS 


Twelve-page booklet entitled “Special 
Instruments” covers direct-reading L-C 


Measure your cord requirements in years, not feet. We did when we developed Rome 50—a 
portable cord that can play a big role in the long-run performance of your product. Here’s a cord 
that’s both economical and dependable. ™ Economical because you'll pay less for it than for 
premium, mold-cured cords. Yet it’s ideally suited to such uses as office machines, conveyors, 
bus heaters and a wide variety of commercial and industrial appliances. ™ Dependable because 
the durable Roprene (neoprene) jacketing provides protection against abrasion, moisture, oils, 
acids, sunlight and even flame. # Choose the Rome 50 cord that best meets your particular 
requirements. Available in two types: SO-600 volts in sizes 18 AWG to 10 AWG, and SJO-300 
volts in AWG 18 and AWG 16. For complete specifications, write to Rome Cable Division of 
Alcoa, Dept. 24-91, Rome, New York. 


Note: If your product is used under really rugged 
conditions, ask about Rome 60. It’s a premium heavy- 


duty cord vulcanized to a tire-like toughness. 


Srome IO 
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ROME CABLE 
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meter, indicator unit, waveform genera- 
tor, two pulse generators and two power 
supplies. Contains specifications, per- 
formance characteristics and illustra- 
tions for measurement applications. 
Tektronix, Inc., P. O. Box 500, Beaver- 
ton, Ore. 
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WORM GEARS 


One-page bulletin entitled “Texas 
Worms” describes a design which al- 
lows a spring coil to be installed on a 
shaft and serve as an economical worm 
gear. Ulrich Bros., Inc., 2923 Agnes, 
Corpus Christi, Texas. 
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SERVO-MOUNTING CLAMPS 


One-sheet technical bulletin describes 
standard hardware for mounting syn- 
chros, servomotors and potentiometers. 
Two clamp sizes may be used to fasten 
as many as six different housing sizes 
to the mounting panel. Bulletin in- 
cludes outline and installation draw- 
ings. Two sample clamps offered for 
evaluation. Theta Instrument Corp., 
520 Victor St., Saddle Brook, N. J. 
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A-C VOLTAGE REGULATORS 


One-sheet bulletin and two pages of 
specifications and prices describe fre- 
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quency-insensitive, low distortion, two- 
cycle response regulators which consist 
of magnetic components and silicon 
diodes. Standard 57 to 63 cps models 
are 250, 500, 1000 and 2000 va. Twinco, 
Inc., 10 Cheney St., Roxbury 21, Mass. 
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DIFFUSED SILICON RECTIFIERS 


Bulletin DL-S 611443, one sheet, con- 
tains specifications and characteristic 
curves for Types 1N1612, 1N1613, 
1N1614, 1N1615 and 1N1616. Rated 
15 amp, 200 to 600 volts piv. Semi- 
conductor Components Div., Texas In- 
struments, Inc., P. O. Box 5012, Dallas 
22. 
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SEMICONDUCTOR HEAT DISSIPATOR 


One-page release describes Series 6029 
natural-convection heat  dissipators. 
Contains specifications and engineering 
drawings. Vemaline Products Co., 
Franklin Lakes, N. J. 
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POWER-FREQUENCY CONVERTER 


One-sheet brochure describes Model 
PS-60-6, solid-state, dual-frequency 


unit which provides two independent 
power conversions: 400 cps, three-phase 
to 60 cps, single-phase at 2500 va; and 
60 cps, single-phase to 400 cps, single- 


phase at 300 va. Brochure cont 
photograph, specifications and desc 
tion. Unitron, Inc., 1807 Stratford 


Garland, Texas. 
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EPOXY MOLDING COMPOUNDS 
Two-page, 4% x 6% in. brochure 
four loose portfolio pages descr 
applications and properties of res 
Loose sheets cover Types 5430, 2 
2175-C and 2185 for electrical, } 
and electrical, strength and resilie 
and thermal-shock resistance pro 
ties, respectively. Fiberite Corp., 
of Universal Mfg. Co., 512-528 W. 
St., Winona, Minn. 
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HEAT-SINK SOLDERING TWEEZERS 


One-sheet release describes Model 
tweezers and other instruments. Un 
aluminum, 31% in. long, with tape 
jaws for grasping delicate wires. Ha 
craft Tools, Inc., Div. of X-acto, I 
48-41 Van Dam St., Long Island 
En. 7. 
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GLASS-SEALED RESISTORS 

Four-page Form 3140-61 covers 
types of “RX-1 Hi-Meg” deposi 
carbon resistors. Resistance range, 
ohms to 50 megohms. Tempera 





Quality BRUSHES 


aii 


for leading Motor Manufacturers 


for OVER 50 YEARS 
STACKPOLE 


STACKPOLE CARBON CO., ST. MARYS. PA 


BRUSHES FOR ALL ROTATING ELECTRICAL EQUIPMENT * ELECTRICAL CONTACTS « GRAPHITE BEAR- 

INGS & SEAL RINGS + SLIDE & SNAP SWITCHES * ELECTROCHEMICAL ANODES « ROCKET NOZZLES 

WELDING & BRAZING TIPS * CERAMIC MAGNETS « FIXED & VARIABLE RESISTORS « FERRITES 
AND MANY MORE 
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range, 125 to 200 C. Working-voltage 
range, 750 to 10,000 volts. Wattage 
range, 1 to 10 watts. Voltage coefficient 
for all units is 0.0002 per cent per volt. 
Brochure contains photographs, de- 
scriptions, specifications and character- 
istic curves. Victoreen Instrument Co., 


5806 Hough Ave., Cleveland 3. 
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SERVO AMPLIFIER 

One-sheet specification sheet describes 
Model A429, 400-cps unit which will 
drive Size 8 through 15 motors in an 


| ambient temperature range from —55 


to +71 C with voltage gain up to 500. 
Release contains description, specifica- 
tions and dimension drawings. West- 
amp, Inc., 11277 Massachusetts Ave., 


Los Angeles 25. 
Circle 788 on Inquiry Card 


CONTROLLED-SPEED DRIVES 


| Bulletin F-2028, six pages, details how 
| frequency control of speeds in a-c 


squirrel-cage motors permits starting, 


| stopping, acceleration to full speed, 


and acceptance of speed adjustment 


| while running. System keeps multiple 


| motors synchronized throughout opera- 


tion without use of tachometer feed- 


| back. Booklet includes schematics of 


operation and descriptions of systems. 


| U. S. Electrical Motors, Inc., P. O. Box 


2058, Terminal Annex, Los Angeles 54. 
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TRANSISTOR CARD INDEX 


One-page release describes deck of 
“Key Sort” business cards, with holes 


| punched around edges for selection 


with “needle selector.” Holes punched 
around edges of cards according to 


| transistor characteristics. There are 
| eleven sorting characteristics. Updating 


service provided. Zeus Engineering Co., 
625 S. Kingsley Dr., Los Angeles 5. 
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| SELF-STICKING TAPES 








| Brochure, 26 pages, presents detailed 


information on adhesive-backed pre-cut 
tapes for printed-circuit layouts, charts 


| and process flow drawings. Application 


information is included, explaining 


| tape symbols and shapes. ACS Tapes, 


Inc., 217 California St., Newton 58, 
Mass. 
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PRINTED-CIRCUIT TRANSFORMERS 


Data sheet, two pages, reviews encapsu- 
lated audio-frequency transformers for 
printed-circuit mounting. Units meet 
MIL-T-27A, Grade 5, Class S require- 
ments. Charts list unit primary and 
secondary characteristics, dimensional 
data. ADC Inc., 2833 13th Ave. So., 
Minneapolis, Minn. 
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OD) audio 


telemetry 

and 

low frequency | 
oscillators 


Pictured here are six of the most widely used oscillators 
in electronics. All employ the highly stable, dependable, 
accurate resistance-capacity circuit. They require no zero 
setting. Output is constant, distortion is low and frequency 
range is wide. Scales are logarithmic for easy reading; all 
are compact, rugged and broadly useful basic instruments. 
Brief specifications are given below; call your ® rep for 
demonstration or write direct for complete data on any 
instrument. 


Recom- : 
Frequency Output to Maximum 
ea ee] | gt "toad. | Distortion | 
1% 20 cps I 
20 cps to ' 
200AB}  40KC | +2% aes 600-ohms | f220 KE 1 0.05% | Wate 
(4 bands) . to 40 KC 
0.5% below 
160 mw * 500 KC 75 
2% | 10 voits | 600 ohms 1% 500 KC 0.1% | watts 
and above 
6 cps to 
160 mw 
6 KC +1%t 600 ohms*} 0.5% 0.1% 
(6 bands) ne scoonmss] ose | om |,ti, | ssn 
250 cps to 
(5 bands) 
0 cps to aa 
20KC | 1%t| {47'3't) [600 ohms | 0.5% | 0.03% 
(3 bands) 
l cps to 
160 mw 
100 KC +2% 600 ohms* 0.5%§ 0.1% 
(5 bands) se ae on ee cz 


*Internal impedance is 600 ohms. Frequency and distortion unaffected by load resistance. 
Balanced output with amplitude control at 100. Use line matching transformer for other con- 
trol settings. **Internal impedance approximately 600 ohms with output attenuator at 10 db 
or more. Approximately 75 ohms below 5000 cps with attenuator at zero. tinternal, non-op- | 
erating controls permit precise calibration of each band. 0.5%, 50 cps to 20 KC at 1 watt 
output. 1.0% over full range at 3 watts output. §0.5%, 10 cps to 100 KC. 1.0%, 5 to 10 cps. 
2.0% at 2 cps. 3.0% at 1 cps. [Measured with respect to full rated output. 


HEWLETT-PACKARD COMPANY 


1015M Page Mill Road * Palo Alto, California, U.S.A. 
Cable “HEWPACK" « DAvenport 6-7000 
Hewlett-Packard S.A., Rue du Vieux Billard No. 1, Geneva, Switzerland 
Cable “‘“HEWPACKSA” * Tel. No. (022) 26. 43. 36 


Field representatives in all principal areas 


$500.00 


® 200AB 
Audio Oscillator 


@ 200CD 
Wide Range 
Oscillator 


® 200) 
Interpolation 
Oscillator 


® 201C 
Audio 
Oscillator 


@ 202C 
Low Frequency 
Oscillator 


pioneered the world-famous resistance-capacity oscillator circuit 
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THESE ARE SPRAGUE’S TWO OUTSTANDING 
HIGH-TEMPERA TURE MAGNET WIRES | ties and applicable ASTM test method 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 


FOR CONTINUOUS OPERATION AT 
HOTTEST SPOT TEMPERATURES 
up TO 250°C 


CERAMIC SINGLE-SILICONE 


CERAMIC SINGLE-TEFLON 


DOUBLE 
TEFLON 
OVERLAY 


CERAMIC MEAVY-TEFLON 


ENLARGED CROSS-SECTIONS OF CEROC® COPPER MAGNET WIRE 


Sprague offers you a choice of 2 
truly high temperature magnet 
wires: For continuous operation 
at hottest spot temperatures up 
to 200°C (392°F) and up to 
250°C (482°F) for short periods 
of time—depend upon TETROC 
—an all Teflon-insulated wire 
available in both single and 
heavy coatings. 

CEROC is Sprague’s recommen- 
dation for continuous operation 


wt? 


SPRAGUE ELECTRIC COMPANY 


307 MARSHALL STREET, NORTH ADAMS, MASS. 


at hottest spot temperatures up to 
250°C (482°F) and up to 300°C 
(572°F) for short periods of time. 
Ceroc has a flexible ceramic base 
insulation with either single sili- 
cone or single or heavy Teflon 
overlays. The ceramic base stops 
“cut-through” sometimes found in 
windings of all-fluorocarbon wire. 
Both Tetroc and Ceroc magnet 
wires provide extremely high 
space factors.* *« * * x 


FOR COMPLETE DATA 
WRITE FOR ENGINEERING 
BULLETIN 405 (TETROC 
WIRES) 400A (CEROC 
WIRES). 


STS 


THE MARK OF RELIABILITY 
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| PLASTIC MOLDING COMPOUNDS 

| Four-page catalog reviews alkyd en- 
| capsulants, reinforced glass-fiber and 
| molding compounds for electronic ap- 
plications. Lists specifications, proper- 


under which data is derived. Suggests 
molding technique for each material. 
Plastics Div., Allied Chemical Corp., 
40 Rector St., New York 6. 
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R-F COMPONENTS 


Bulletin 561, five pages, describes 
miniature magnetic components for 
military use. Included are data sheets 
on encapsulated transformers used in 
modulating systems, crystal filters and 
radar receivers. Usage, application, 
electrical and environmental perform- 
ance is detailed. Applied Components 
Inc., 401 E. Beach Ave., Inglewood, 


Calif. 
Circle 794 on Inquiry Card 


BRAKES AND CLUTCHES 


Manual 361, 42 pages, offers informa- 
tion on electromagnetic torque indica- 
tors, clutches and brakes. Includes 
specifications, dimensional data, sche- 
matics and performance curves. Offers 
design data to assist in selecting com- 
ponents. Autotronics Inc., Florissant, 
Mo. 
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SILICON RECTIFIERS 


Six-page Short Form Data folder re- 
views JEDEC rectifiers in ten case 
sizes. Lists voltage and current ratings, 
designation; includes outline drawings 
of case configurations. Bradley Semi- 
conductor Corp., 275 Welton St., New 
Haven 11, Conn. 
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RECTIFIER CATALOG 


Ten-page sheet reviews copper oxide 
and selenium rectifiers for full-wave, 
single-phase bridge and modulator ap- 
plications. Lists construction, terminal 
type, special features. Conant Labora- 
tories, Lincoln 5, Neb. 

Circle 797 on Inquiry Card 


ANALOG-TO-DIGITAL CONVERTER 


Two-page Catalog Sheet 2 describes 
solid-state ADC-1 converter that fea- 
tures accuracy better than 0.5 per cent. 
Speed is 1000 readings per sec; sensi- 
tivity is 1 pamp per bit. Output is 
parallel or serial. Dynamic System 
Electronics Corp., 2001 No. Scottsdale 
Rd., Scottsdale, Ariz. 
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PULSE GENERATOR 


Bulletin, two pages, covers Model 404-B 
generator which meets environmental 
requirements of MIL-E-16400 C. Repe- 
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Lamb Helps You Select 
The Right Vacuum Cleaner Motor 


9/16 HP, 5-11/16” fan case diameter 


1$-14750 
thru 
ventilated 
APPLICATION: Do- 
mestic portable 
cleaners. 
1S-14809 
by-pass 
ventilated 
APPLICATION: Wet 
pick-up portable 


Service Life: Moderate Cleaners and 
Cost: Low central cleaning 
Bulletins 101 & 201 systems. 


NEW 


1 HP, 7-3/16” fan case diameter 


APPLICATION: Central vacuum systems in 
particular, also portable commercial 
s. 


1S-15100 
Diffused 
air 
discharge 
1S-15110 
Single air 
discharge 


Service Life: Moderate 


Cost: About twice cost of 9/16 HP 
Bulletins 251 & 252 


7/8 HP, 7-1/2” fan case diameter 
APPLICATION: Portable Heavy Duty Com- 
mercial Cleaners and Central Systems 
(three-stage). 


1S-14786 
2-Stage 


1S-14787 
3-Stage 


Service Life: Long 
Cost: About 3 times cost of 9/16 HP 
Bulletin 301 


1S-15100 (Diffuser Discharge) 


§1S-15110 (Single Air Discharge) 


Special Requirements of Central Vacuum Systems 
Met by New High Performance Motor 


Existing vacuum motors have been 
designed to perform best when in- 
corporated into portable vacuum 
cleaners of standard types and sizes. 
Such motors are built to produce 
highest efficiency under air flow con- 
ditions that exist in normal domes- 
tic and industrial cleaning service 
and where hoses are of normal length 
and diameter. 


On special applications, like central 
vacuum cleaning systems that utilize 
extremely long cleaning hoses, and 
where tubing losses are present, a 
special motor is required. To meet 
this need, Lamb now offers a vacuum 
motor which will maintain a rela- 
tively high vacuum with a modest 
amount of air flow. The result: these 
motors operate at high efficiency in 
the high vacuum range without sacri- 
ficing air flow performance under 
low vacuum conditions. 


INPUT — 10 AMPERES at 
115 VOLTS 


For economical, cleaner design, this 
rating at Underwriters’ test point 
was selected as the input limit. This 
allows use of line cord not exceeding 
number 16 type SJ and control 
switches of 10 ampere rating. 


NEW TAPERED BLADE DESIGN 


On central systems which employ 
centrifugal dirt separation, a small 
amount of fine dirt and lint must pass 
through the fan and is discharged 
outside of the building. For maxi- 
mum efficiency, this type of fan 
blade is designed with a long back- 
ward curving sweep which, however, 
may accumulate fine dirt due to cen- 
trifugal action. This dirt builds up 
to a point where starting acceleration 
dislodges dirt from one blade, result- 
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ing in unbalance, noise, and vibra- 
tion. Special steep angle blades have 
been used but they also have serious 
performance limitations. 


Lamb research has developed a mod- 
erately steep blade angle plus a 
tapered form. The result is a compro- 
mise that yields excellent perform- 
ance and all but eliminates the dirt 
loading problem. 


CHOICE OF AIR 

DISCHARGE SYSTEMS 

Lint accumulation is minimized and 
high vacuum is improved in the 
IS-15110 with a single tangential 
discharge pipe. This allows for easy 
connection to a discharge piping 
system, if desired. 


The IS-15100, by discharging air 
through slots in the fan case, results 
in better noise suppression. 


FAN-END BEARING IS 
PROTECTED BY AIR COOLING 


Motors in central vacuum systems 
are often required to operate for long 
periods of time under sealed condi- 
tions — which results in a high tem- 
perature rise in the fan system. In 
ordinary by-pass type motors, the 
electrical parts have a separate cool- 
ing system, but bearings in the ad- 
jacent fan case often become hot 
enough to destroy the lubricant. 
Early failures can and do result. 
Lamb’s new motor prevents this by 
providing a unique ventilating sys- 
tem which directs cooling air over 
the fan-end bearing and protects the 
motor from harmful heat built-up 
within the fan case. For complete 
details, write to Lamb Electric Com- 
pany, Kent, Ohio — ask for bulletins 
shown at left. Also available — explo- 
sion-proof model. Ask for bulletin 401. 





tition rate ranges from single pulse to 
250,000 pps. Pulse widths are variable 
from 0.05 to 105 psec. Rise and fall 
time is 13 nanosec. Allen B. Du Mont 
Laboratories, 750 Bloomfield Ave., 
Clifton, N. J. 
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DIODE CURVE TRACERS 


Two-page data sheet describes two curve 
tracers for high-voltage diode testing. 
Units provide 0 to 5 kv range at 60 
cps in two steps with continuous ver- 
niers. Reverse current range is 20 pamp 
to 1 ma. Model 1031-2A features peak 
metering for current and voltage, plus 
oscilloscope plotting. Model 1031-2B 
provides calibrated oscilloscope plot. 
Instrument Techniques, Inc., Hender- 
son & Shoemaker Rds., King of Prussia, 
Pa. 

Circle 800 on Inquiry Card 


CONTROLLED SILICON RECTIFIERS 


Six-page Brochure 1520.12 3/61 offers 
information on rectifier types 2N1929 
through 2N1935. D-C load current rat- 
ings are 1.1 amp, peak reverse voltages 
range from 25 to 300 volts. Brochure 
lists max allowable ratings, character- 
istics and performance curves. General 
Electric Co., Rectifier Components 
Dept., W. Genesee St., Auburn, N. Y. 

Circle 801 on Inquiry Card 


WIDE-BAND SERVO AMPLIFIER 


Advance Technical Data Sheet C70 
3516 001, two pages, describes ampli- 
fier that drives inductive loads at power 
levels from 3.5 to 9.0 watts. Operating 
frequency range is 250 to 1800 cps, 
input signal is 40 volts rms. Bulletin 
lists principal features, characteristics 
and mechanical data. Kearfott Div., 
General Precision Inc., Little Falls, 
ma 9. 

Circle 802 on Inquiry Card 


ELECTRICAL MACHINERY 


Bulletin E100P, 48 pages, presents 
theoretical and practical features of 
common types of d-c and a-c motors, 
generators and control equipment. In- 
tended as an aid to familiarize those 
with interest in electrical terminology 
and phenomena. Text is profusely illus- 
trated with electrical rotating machines 
and allied equipment. Fairbanks, Morse 
& Co., 303 No. Henderson, Freeport, Ill. 

Circle 803 on Inquiry Card 


DATA-PROCESSING SYSTEM 


Fact Sheet, two pages, on 7072 inter- 
mediate-speed data system, describes 
applications and capacities of this tape- 
oriented system which is used with the 
1401 for data input and output prepara- 
tion. Magnetic-core memory of 5000 or 
10.000 ten-digit decimal words. IBM 


Data Processing Div., 112 E. Post Rd., 


White Plains, N. Y. 
Circle 804 on Inquiry Card 


PAPER-TAPE READER 


Two-page technical bulletin describes 
Model R-100 solid-state reader which 
handles to eight-hole perforated paper 
tape at speeds to 20 characters per sec. 
Lists electrical and mechanical specifi- 
cations, includes dimensioned sketches 
for various mounting configurations. 
Invac Corp., 14 Huron Drive, Natick, 
Mass. 

Circle 805 on Inquiry Card 


MINIATURE ROTARY SWITCHES 


Bulletin SM-11, four pages, describes 
Series 7000 and 5000 with up to 12 and 
24 switching contacts per deck, respec- 
tively. Ganging, up to six and four 
decks, respectively. Brochure contains 
specification tables, photographs and 
notes on rotary switches; also meters 
and toggle switches. J-B-T Instruments, 
Inc., 133 Hamilton St., New Haven 8, 
Conn. 

Circle 806 on Inquiry Card 


D-C POWER SUPPLIES 


Catalog B-611, 32 pages, provides com- 
plete data on more than 150 power-sup- 
ply models. Includes separate listing 
and description of programmable cur- 


Specifying LAMINATED PLASTICS...as sheet, 


TAYLOR FIBRE CO. BELONGS 
IN YOUR SPECIFICATIONS 


Taylor has the products: .. offers more 
than 50 grades of industrial laminated 
plastics . . . including paper, cotton cloth, 
nylon, asbestos, glass cloth, or other base 
material impregnated with phenolic, mel- 
amine, silicone or epoxy resins and formed 
into sheets, rods and tubes under heat 
and pressure. Also a number of composite 
materials, including copper-clad laminated 
plastics, vulcanized fibre and laminated 
plastics, rubber and laminated plastics, 
asbestos and laminated plastics, and alu- 
minum and laminated plastics. 


Use this Taylor Selection Guide to make 


selections of 


the Taylor laminated 


plastics that will fit your requirements. 


ELECTRO-TECHNOLOGY 





rent-voltage regulated models, nomo- 
graph of voltage drop vs wire size and 
supply current, with index to all models 
by design group and output voltage. 
Kepco, Inc., 131-38 Sanford Ave., Flush- 
ing 52, N. Y. 

Circle 807 on Inquiry Card 


HIGH-TEMPERATURE CONNECTOR 


Bulletin K104, two pages, describes 
Series K connectors for operation in oils 
and salt water. Rated at 3000 volts, 
10 amp. Will withstand pressure to 
20,000 psi, temperature of 400 F. Bul- 
letin gives dimensional data, construc- 
tion specifications. Keystone Engineer- 
ing Co., 6310 Sidney, P.O. Box 14366, 
Houston 21, Texas. 

Circle 808 on Inquiry Card 


MAGNETIC TRANSDUCER 


Two-page data sheet reviews Model 
KF-100 transducer that senses gear- 
tooth motion and has voltage output. 
Sheet lists applications, electrical and 
mechanical specifications. Includes per- 
formance and operating curves. Kine- 
logic Corp., 1256 No. Fair Oaks Ave., 
Pasadena, Calif. 

Circle 809 on Inquiry Card 


INDICATING LAMPS 
Brochure ML/DR-LV, four pages, offers 


information on _ rectangular - shaped 


lamps for use as panel indicators. Con- 
tains detailed electrical specifications, 
drawings; lists lens types, legend plates 
and filters. Units accept most standard 
lamps. The H. R. Kirkland Co., 
Morristown, N. J. 

Circle 810 on Inquiry Card 


GEARED FLEXIBLE MOTOR COUPLINGS 


Six-page Folder 2975 covers integral-hp 
motor couplings for power transmission 
to pumps, compressors, generators and 
speed reducers. Describes special fea- 
tures, discusses coupling selection and 
alignment design. Link-Belt Co., Pru- 
dential Plaza, Chicago 1. 

Circle 811 on Inquiry Card 


MINIATURE BEARINGS 


Catalog 3E, 16 pages, covers radial 
flanged, pivot and roller bearings. Full- 
size drawings are supplemented by 
dimensional data and _ photographs. 
Cross-sectional sketches illustrate bear- 
ing installation. Landis & Gyr, 45 West 
45 St., New York 36. 

Circle 812 on Inquiry Card 


PRESSURE-CONTROL SWITCHES 


Six-page pocket folder describes line 
of switches for use in air and water 
systems, and industrial automatic con- 
trols. Units are for use in 15 to 175 
psi pressure range, rated 3 hp at 220 


rod, tube or fabricated parts? 


Taylor has the facilities. Its Norristown, 
Pa., plant, comprising some 300,000 sq. 
ft., produces both laminated plastics and 
vulcanized fibre . . . is one of the most 
completely integrated in the industry ... 
even makes its own paper and a large per- 
centage of its own resins. The La Verne, 
Calif., plant, with over 45,000 sq. ft. of 
floor space, specializes in the manufacture 
of laminated plastics for the convenience 
of West Coast customers. And both 
plants can fabricate parts from any Taylor 
materials to specifications, economically. 

Taylor laminates offer many advantages 
over metals. They have a higher strength- 
to-weight ratio, are corrosion resistant, 
and can be fabricated more easily. This 
Taylor Selection Guide will help you 
evaluate the different grades available. 
Write for your copy today. Taylor Fibre 
Co., Norristown 37, Pa. 


"Taylor 


LAMINATED PLASTICS VULCANIZED FIBRE 


SEPTEMBER 1961 


For applications requiring high , 
strength retention at elevated 
temperatures, Taylor Grade 
GEC—an epoxy resin, glass 
fabric base material. 


Circle 184 on Inquiry Card 


volts a-c. Lanes Industries Corp., 612 
Colorado Ave., Santa Monica, Calif. 
Circle 813 on Inquiry Card 


SILICON RECTIFIER 


Two-page bulletin F-161 describes en- 
capsulated single-phase full-wave bridge 
rectifier. Unit is rated for 1.8-amp 
continuous duty, 7.5-amp intermittent 
operation. Operating temperature is 
—65 to +120 C. Construction meets 
requirements of MIL-E-5400. Ledex 
Inc., 123 Webster St., Dayton 2, Ohio. 

Circle 814 on Inquiry Card 


SEMICONDUCTOR LOAD CELLS 


Specification Sheet SP-1002, two pages, 
reviews line of load cells that provide 
minimum of 1 volt output at capacity 
load. Repeatability is better than 0.1 
per cent. Temperature compensation 
is 0.005 per cent/deg F for thermal 
zero shift. Units make possible elimina- 
tion of amplifiers, are suited to moni- 
toring and control applications. Kulite- 
Bytrex Corp., 50 Hunt St., Newton 58, 
Mass. 

Circle 815 on Inquiry Card 


ELECTRON TUBES 


Electron Tube Catalog 1961, 16 pages, 
describes condensed line of microwave 
tubes, display devices, millimeter-wave 
tubes and monitor diodes. Included are 
photographs, performance curves and 





(ror high-temperature electrical 
applications and high-frequen- 


cy radio equipment, Taylor 
Grade GSC—a silicone resin, 
glass fabric base material. 
Has high heat resistance, ex- 
cellent electrical properties, 
and high arc resistance. Will 
not support combustion. 





LONGER BRUSH 
LIFE! NO STALLS! 
HOWARD 


UNIVERSAL and DC MOTOR 
1/200 to 1/8 H.P. 


LENGTH 3'54" DIAMETER 2'7,,." For Business Machines 
Vending Machines e Money Changers 
H.P. Gear Applications 


Continuous: Seen ea > pe ent ao Broached brush holders hold close tol- 
r F erances for brush alignment, to give 


: ¢Series—1/8 @ 10,000 RPM increased brush life! Self-aligning 
Intermittent: | shunt—1/12 @ 5,000 RPM sleeve-type bearings with finger-type 
pressure plates for uniform alignment 

FULL LOAD Series—5,000 to 10,000 and extra-heavy stamped steel hous- 
SPEED Shunt—2,000 to 7,000 ing assure smooth performance. Won't 


stall even with heavy jarring! 

VOLTAGES Series—12 to 230V AC/DC we . 
Shunt—6 to 120V DC Write for details and prices! 
Racine Electric Products 


Divisions: GAB Electric Motor Corp. ©) Cyclohm Motor Corp. (CS) Loyd Scruggs Co. 


HOWARD INDUSTRIES, INC. ¢ 1720 State Street ¢ Racine, Wisconsin 
Circle 185 on caghy Card 


Tne WASHERS 
and PRECISION PARTS 


Bobbins, Washers, Bearings, Bushings, Gaskets, Actuators, Cams, 
and many other molded parts are available from stock. Select 
the material to suit your requirements: NYLON (rugged resil- 
ient, light), EPOXY (new high temperature resin). TEFLON 
(moisture resistant, high dielectric). 


Soe 


--- EPOXY 


, oe 
ie 


... TEFLON 


NEW 24-PAGE CATALOG 


Complete specifications on all parts and materials 


14 STREET © TOwer 1-5596 © CLEVELAND 9, OHIO 


detailed electrical specifications. Litton 
Industries, 960 Industrial Rd., San 
Carlos, Calif. 

Circle 816 on Inquiry Card 


MINIATURE FERRITE CORES 


Reference catalog, four pages, includes 
definitions of terms and condensed tabu- 
lation of performance and specifications 
for memory- and switch-core sizes and 
types. Cross-reference index is included 
to identify cores with those of other 
manufacturers. Lockheed Electronics 
Co., Avionics & Industrial Products 
Div., 6201 East Randolph St., Los 
Angeles 22. 

Circle 817 on Inquiry Card 


BERNOULLI DISKS 


Catalog, four pages, offers information 
on BD-200 Series data storage devices 
which have capacity of 200,000 bits. 
Disk speed is 3600 to 8000 rpm; fea- 
tures bit frequencies of 10 to 400 ke at 
3072 bits per track. Unit can be modi- 
fied to increase capacity to 800,000 
bits. Laboratory for Electronics, Inc., 
1079 Commonwealth Ave., Boston 15, 
Mass. 

Circle 818 on Inquiry Card 


D-C INSTRUMENT AMPLIFIER 


Data sheet, two pages, describes Model 
1100 amplifier for telemetry system 
applications. Unit senses input signal 
of 10 mv d-c, output voltage is up to 
5 volts d-c. Amplifier is potted and 
metal-encased, with §8-pin plug-in 
header. Lumen, Inc., P. O. Box 905, 
Joliet, Tl. 

Circle 819 on Inquiry Card 


MICA DATA SHEETS 


Series of sales data bulletins outlines 
properties, specifications and applica- 
tions of mica available in sheets and 
fabricated parts. Data bulletin series 
covers nine different categories of 
products. Additional bulletins are 
issued each month, include new prod- 
uct data. The Macallen Co., Inc., New- 
market, N. H. 

Circle 820 on Inquiry Card 


AUTOMATIC PROCESS CONTROL 


Booklet, 32 pages, entitled “Cutting 
Production Costs with an MEK Load 
Control,” discusses theory and cites 
applications in machinery control. De- 
vice continuously analyzes usage of 
electrical power by process machine. 
Machinery Electrification, Inc., 56 Hud- 
son St., Northboro, Mass. 

Circle 821 on Inquiry Card 


INDUSTRIAL ELECTRON TUBES 

Booklet, 32 pages, presents information 
on application and characteristics of 
triodes, tetrodes, high-vacuum diodes 
and TV-camera tubes. Booklet sections 


ELECTRO-TECHNOLOGY 





ALITE’ nich-acumina 


¢ VACUUM-TIGHTNESS 


¢ SUPERIOR 
MECHANICAL STRENGTH 


¢ HIGH TEMPERATURE AND 
HEAT-SHOCK RESISTANCE 


e RELIABLE ELECTRICAL 
_ CHARACTERISTICS 


° HIGH RESISTANCE TO 
NUCLEAR RADIATION 


¢ PRECISION TOLERANCES 


Looking for ways to improve reliability, reduce 
maintenance problems? The unique advantages of 
Alite high-alumina ceramic-to-metal seals may be 
just what you need! 


With maximum working temperatures in the 
range 1300°-1600°C., Alite can be metallized and 
brazed to metal parts to form rugged, 
vacuum-tight seals which, in turn, can be welded 
into final assemblies. 


From design to finished part, every manufacturing 
step — including formulating, firing, metallizing 
and testing — is handled within our own plant and 
carefully supervised to assure strict adherence to 
specifications, utmost uniformity and reliability. 


Over 100 standard sizes of Alite bushings in a range 
of types are available to simplify design problems 
Write for FREE Helpful Bulletins and speed delivery. However, when special units 
i , are called for to meet unusual requirements, a team 
Bulletin A-7R provides de- zs ; 
tailed description and specifi- of Alite engineers stands ready to help you take 


cations of Alite. Bulletin A-40 advanta ek ‘ - 
describes Alite facilities and ge of Alite’s superior properties. 


complete line of standard 
bushings. 


ALITE eee 
DIVISION (, EWARE New York Office 


BOX 119 ORRVILLE, OHIO 60 East 42nd St. 
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SAVES SPACE, SAVES MONEY, 
SAVES TIME, SAVES MANPOWER 


in socket 


4! 


The new “Wedge Base’’, all-glass, incandescent indicator lamp is an 
exclusive G-E development designed to replace the old #57 and other 
similar bayonet-based lamps. It’s available in 6.3 and 12 volts. See below. 

The Wedge Base saves space because, with its holder, it is considerably 
smaller than the old #57. It saves money because the holder and total in- 
stallation costs are less. It saves time because the holder is easier to install 
and the lamp can be seated with just a push. And it saves manpower because 
installation can be automated and holders can be molded into plastic circuits. 
The G-E Wedge Base lamp can withstand ambient temperatures up to 600°F 
because it has no basing cement. 

A major automobile . ‘ : . 2 
seeteieimenr in already i he Wedge Base is available in two ratings 
using G-E Wedge Base oo ; = ae 
lamps; they're available  Amperes 


Design Volts . . 
in mass quantities. For 3? Gesien volts . .500 Hrs. . 
more information write: a C-2V. . 
General Electric Co., 
Miniature Lamp Depart- aoa. re ee 
ment M-12. Nela Park, *In excess of 5000 hrs. at 6.6 volts 


Cleveland 12, Ohio. 


Progress ls Our Most /mportant Product 


GENERAL @@ ELECTRIC 


Circle 188 on Inquiry Card 





are prefaced by design-criteria discus- 
sion of each major tube type. Mach- 
lett Laboratories Inc., Springdale, Conn. 

Circle 822 on Inquiry Card 


CASTING RESINS 


Two single-page technical bulletins 
offer information on transformer cast- 
ing resins designated 135E and 136E. 
Materials are single-component sys- 
tems; when used for encapsulation of 
transformers and windings, materials 
meet requirements of MIL-T-27A. 
Resins are filled or unfilled; for Class- 
H temperatures. Marblette Corp., 37-31 
30th St., Long Island City 1, N.Y. 
Circle 823 on Inquiry Card 


RUBBER-COATED SLEEVING 


Brochure, four pages, describes silicone 
rubber-coated glass-fiber sleeving SR- 
398, for continuous operating tempera- 
ture to 400 F. Material is abrasion- and 
fungus-resistant, meets MIL-I-3190B 
and MIL-I-18057A. L. Frank Markel 
& Sons, Norristown, Pa. 

Circle 824 on Inquiry Card 


MICROWAVE CONTROL 


Six-page paper “Solid-State Control of 
Microwaves” discusses applications of 
semiconductor diode devices using 
varactors in microwave’ switching, 
phase-shifting, duplexing and limiting. 
Summarizes typical performance capa- 
bilities of solid-state control devices. 
Paper provides introduction to the 
basic uses of varactor diode devices in 
instances where nanosec_ switching 
speeds and solid-state reliability are 
advantageous. Microwave Associates, 
Inc., Burlington, Mass. 

Circle 825 on Inquiry Card 


FERRIMAGNETIC-GARNET 
BIBLIOGRAPHY 


One-page release lists literature through 
1960 on parametric amplifiers, magneto- 
accoustic resonance, gyromagnetic 
coupling, magnetically tunable micro- 
wave filters power limiters, low-loss 
circulators and infrared and light modu- 
lation. Microwave Chemicals Labora- 
tory, Inc., 282 7th Ave., New York 1. 
Circle 826 on Inquiry Card 


MICROWAVE COMPONENTS 


Catalog HS-61, 12 pages, presents de- 
tails on couplers, diplexers, and bal- 
anced mixers for waveguide applica- 
tions. Charts list waveguide size, operat- 
ing frequency, dimensions and output 
power, where applicable. Microwave 
Development Laboratories, Inc., Wel- 
lesley, Mass. 

Circle 827 on Inquiry Card 


OSCILLOGRAPHS AND METERS 


Product Digest 160, 20 pages, ‘provides 
information on products for use in elec- 
tronic data-recording system and instru- 

(Continued on page 189) 
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You cannot afford to ignore 
the New Allen-Bradley 
BULLETIN 709 Starter Line 


SIZE 00 
1% HP, 220 V SIZE 0 Parra 
2 HP, 440-550 V3. HP, 220 V 
5 HP, 440-550 V7 HP, 220 V 


10 HP, 440-550 V 






SIZE 4 


SIZE 3 
lee ares 
50 HP, 440-550 V 


SIZE 2 
15 HP, 220 V 
25 HP, 440-550 V 


50 HP, 220 V 
100 HP, 440-550 V 


SIZE 5 
te ea Laer 740 ie | 
200 HP, 440-550 V 





They OUTPERFORM and 
OUTLAST ALL Others 


These new Allen-Bradley starters bring you 
the greatest advance in reliability and life 
in all motor control history. Also, they 
possess a compactness that’s almost unbe- 
lievable—especially in the higher ratings. 

The new Bulletin 709 solenoid starters 
feature a patented, high-efficiency magnet, 
which is cushioned to reduce shock and 
wear. Contacts are of weld-resistant cad- 
mium oxide silver. All coils are ‘“‘pressure 


molded”’ for protection against physical 
damage and destructive atmospheres. The 
two or three solderpot overload relays are 
trip-free and tamperproof. Brooks Stevens, 
famous industrial designer, has given the 
new enclosures a styling that adds “eye 
appeal”’ to every installation. To get full de- 
tails, contained in Publication 6100, please 
write today to: Allen-Bradley Co., 1316 S. 
Second Street, Milwaukee 4, Wisconsin. 


SIZE 00 NOW 
AVAILABLE 


Provides the same 
long life and reliability 
as others in the Bulle- 
tin 709 family. Rated 
1% HP, 220 V; 2 HP, 
440-550 V. 





QUALITY 
MOTOR CONTROL 


Here Your Motor Starter 


Dollar Buys 


MORE OF THE 
QUALITIES YOU NEED 


Where else could you possibly obtain—in one complete line—all 
of the desirable features of the ideal motor control... 


. Smaller size 6. Simpler installation 
. Greater reliability 7. Complete accessibility 


. Remarkable switching capacity 8. Beautiful appearance — 
. Longer life either open or enclosed 
. Conscientious overload protection 9. Surprising light weight 


The heart of this new line of magnetic motor starters is the unique 
solenoid contactor. While it retains the famous A-B one-moving-part 
principle, it is completely new and far more efficient. This fact is 
reflected in reduced dimensions for all of these controls. Yet, this 
contactor design will perform reliably for many more millions of 
trouble free operations. 

The new enclosures are very “‘eye appealing.’’ When the open type 
starters are assembled into special panels, their neatness and com- 
pactness will delight the designers. Full details are in Publication 6100. 
Please write: Allen-Bradley Co., 1316S. Second St., Milwaukee 4, Wis. 


BULLETIN 705 SIZE 2 
across-the-line reversing starter 
and overload relays in Nema 
Type 1 enclosure. 


BULLETIN 712 SIZE 2 


combination starter in 
Nema Type 1 enclosure. 


BULLETIN 709 SIZE 3 


across-the-line solenoid starter 
in Nema Type 1 enclosure. 


i 
i 
| 
| 
t 


CeCe 
BULLETIN 702 SIZE 3 


three-pole, a-c solenoid contactor 
in Nema Type 1 enclosure. 


“aa 


BULLETIN 715 SIZE 1 
across-the-line, two-speed 
starter—with two overload re- 
lays per speed—in Nema Type 
1 enclosure, 


15-61-MR 


QUALITY 
MOTOR CONTROL 





mentation. Included are descriptions of 
servo valves, oscillographs, telemetering 
equipment and torque motors. Mid- 
western Instruments, P. O. Box 7509, 
Tulsa 18, Okla. 

Circle 828 on Inquiry Card 


INCREMENTAL MAGNETIC-TAPE 
RECORDER 


Six-page Release DB 6150 5M de- 
scribes Model IDR 6150 portable digi- 
tal programming unit that steps tape 
automatically or on demand. Contains 
discussions, specifications and _photo- 
graphs. Minneapolis-Honeywell Regu- 
lator Co., 10721 Hanna St., Beltsville, 
Md. 

Circle 829 on Inquiry Card 


CONTROL MONITOR 


One-sheet Release 189 describes Model 
4AA3-1 snap-action switch relay with 
time-delay circuitry. For two-hand con- 
trol of mechanical and friction-clutch 
systems. Contains photograph, diagrams 
and specifications. Minneapolis-Honey- 
well Microswitch Div., Freeport, Il. 
Circle 830 on Inquiry Card 


ANALOG DATA RECORDER 


Four-page Bulletin A3 describes Model 
102A two-channel analog data tape-re- 
corder/reproducer system and applica- 
tions. Complete specifications of the 
system are given as well as modifica- 
tions available on special request. 
Mnemotron Corp., 3 No. Main St., 
Spring Valley, N. Y. 

Circle 831 on Inquiry Card 


TRANSFORMERS 
Catalog S-106, 32 pages, lists detailed 
electrical and physical specifications 
of 870 transformers for radio, tele- 
vision, industrial and communication 
applications. Includes chart indicating 
proper output transformer used with 
standard and_ high-fidelity output 
tubes. Numerous impedance and _ fre- 
quency-response curves included. Stan- 
cor Electronics, Inc., 3501 Addison St., 
Chicago 18. 

Circle 832 on Inquiry Card 


THYRATRON TUBE 


One-sheet brochure containing photo- 
graph, drawings and curves describes 
Tube NL734/5544, a 3.2 amp d-c, 
inert-gas-filled unit designed for motor 
control and other industrial applica- 
tions. National Electronics, Inc., Geneva, 
Ul. 

Circle 833 on Inquiry Card 


PILLOW-BLOCK BEARINGS 

Catalog 57-F describes series 1330-1338 
strap-type and self-aligning bearings 
for fhp applications. Self-aligning unit 
is for shaft sizes 4 through % in. 
Features permanent lubrication, sin- 
tered bronze bushing. Lengths range 


€Circle 189 on Inguiry Card 


9 NEW 


RAYTHEON WELD-PAK 


STANDARD DIGITAL 
MODULES 


feature welded connections 
for maximum reliability 


New Weld-Pak standard digital circuit 
modules provide extreme compactness 
and unequalled mechanical ruggedness. 
Nine standard modules featuring Ray- 
theon-developed welding techniques 
and three-dimensional packaging are 
now available. 

NOR Gate, NOR Gate and Emitter 
Follower, Flip-Flop, Self-gated Binary, 
Emitter Follower, Diode AND, Diode 
OR, Clock-Variable, and Inverter cir- 
cults are offered in this new group of 
color-coded Weld-Pak modules. Stand- 


ard components, conservatively oper- 
ated, are used throughout. Accurately 
programmed welding, with short weld 
cycles and very low heat, is used to in- 
sure reliable connections. Thorough 
quality control measures and Raytheon- 
engineered reliability assure long and 
trouble-free operation. 

For full details and technical data on 
Weld-Pak standard digital circuit mod- 
ules please write: Raytheon, Industrial 
Components Division, 55 Chapel Street, 
Newton 58, Massachusetts. 


For Small Order or Prototype Requirements 
See Your Local Franchised Raytheon Distributor. 


RAYTHEON COMPANY 


INDUSTRIAL COMPONENTS DIVISION 


Circle 190 on Inquiry Card 189 





G-E LEXAN’ POLYCAR 


STRENGTH LEXAN resin has an impact 
strength of more than 12 foot-pounds 
per inch of notch — higher than any 
other plastic! This toughness, plus heat 
resistance and good electrical proper- 
ties, make LEXAN resin an outstanding 
choice for 3-pole connectors used in 
rugged service on electric trucks. 


from 3%, to 34 in. Randall Graphite 
Bearings, Inc., Box 839, Lima, Ohio. 
Circle 834 on Inquiry Card 


ACRYLIC SHEET 


Bulletin 460, four pages, reviews plastic 
sheet that may be cold-punched or 
cold-formed. Electric strength is 600 
volts per mil, dielectric constant at 
60 cps is 3.6. Flexural strength is 23,- 
000 psi. Continuous service tempera- 
ture is 180 F. Rohm & Haas Co., Wash- 
ington Square, Philadelphia 5. 

Circle 835 on Inquiry Card 


POWER TRIODE 
Two-page Specification Sheet 572 
covers ruggedized triode Model 572. 
Unit is suitable replacement for proto- 
type 811A in ground support, industrial 
and military-equipment applications. 
With schematic and performance chart, 
sheet lists general characteristics and 
max ratings for audio-frequency power 
amplifier and modulator uses. United 
Electronics Co., 42 Spring St.. Newark, 
N. J. 

Circle 836 on Inquiry Card 


MINIATURE MODULATORS 


Pair of two-page bulletins describes 
Model 100 analog multiplier and 
Model 200 magnetic servo modulator in 
small, potted, metal cases. Bulletins in- 
clude application information and logic 


190 


HEAT STABILITY Lampholder terminal 
block is used inside electronic equip- 
ment where heat is difficult to dissipate. 
LEXAN polycarbonate resin replaced an- 
other thermoplastic which melted under 
severe thermal conditions. LEXAN has 
a heat distortion point as high as 290°F. 
Also keeps high strength in sub-zerocold. 


diagrams, list electrical specifications. 
Transmagnetics, Inc., 40-66 Lawrence 
St., Flushing 54, N. Y. 

Circle 837 on Inquiry Card 


SWITCH CATALOG 


Brochure 200-61, four pages, covers 
line of pushbutton, lever and turn 
switches. Includes illustrations, ratings 
and dimensions. Donald P. Mossman, 
Inc., Brewster, N. Y. 

Circle 838 on Inquiry Card 


TRANSISTOR HEAT DISSIPATORS 


Four-page radial- 


catalog describes 
finned dissipators for power diodes and 


transistors. Fabricated of 2024-T4 
aluminum, finish is black anodize per 
MIL-A-8625 or hard anodize. Includes 
dimension drawings, lists standard units 
for JEDEC-case sizes. U. S. Heat Sink, 
637 So. Isis Ave., Inglewood, Calif. 
Circle 839 on Inquiry Card 


METAL-FILM PRECISION RESISTORS 


Catalog 50, four pages, provides de- 
tailed information on ¥%-, 44- and %%- 
watt resistors that meet MIL-R-10509C. 
Charts cross-reference MIL types, give 
ratings, specifications, and dimensions. 
Includes design and construction fea- 
tures, application information. Ward 
Leonard Electric Co., Mt. Vernon, N. Y. 

Circle 840 on Inquiry Card 
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ELECTRICAL PROPERTIES A_ good 
dielectric, LEXAN resin is non-corrosive 
even when used with very fine Class F 
magnet wire. Coil forms must not distort 
at temperatures above 200°F under 
stresses caused by tightly wound wire. 
LEXAN resin provides high heat distor- 
tion temperatures under load. 


HIGH-FREQUENCY R-F SOURCE 


Specification Sheet 169R, four pages, 
describes r-f sources and power-supply 
modulators designated Model MS 
Series. All r-f sources plug directly 
into power supply, can be interohanged. 
Equipment supplies high-frequency 
power over range from 50 to 10,500 
me. Units offer single-knob control; 
outputs are continuous-wave or square- 
wave modulated. Weinschel Engineer- 
ing Co., 10503 Metropolitan Ave., 
Kensington, Md. 
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INSULATING SHEETS AND RODS 


Four-page brochure presents informa- 
tion on vulcanized-fiber sheets, tubes 
and special shapes. Chart compares 
properties and advantages of vul- 
canized fiber as opposed to other ma- 
terials. Lists standard sizes available in 
sheets and shapes. Wilmington Fibre 
Specialty Co., New Castle, Del. 
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PROCESS-CONTROL EQUIPMENT 


Bulletins 200, 201, 202 and 203 review 
devices for measurement and control 
of automatic equipment. Units include 
add-subtract digital totalizers, motion- 
to-pulse converters, and process con- 
trollers. Bulletins list application in- 
formation, specifications and _photo- 
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BONATE RESI 


DIMENSIONAL STABILITY Card Guide 
for business machines is molded to 
close tolerances . . . must undergo min- 
imum change in dimensions during 
service. Parts show excellent dimen- 
sional stability under moist and high 
temperature conditions. LEXAN resin 
meets self extinguishing requirement. 


graphs. The Louis Allis Co., 427 E. 
Stewart St., Milwaukee 1, Wis. 
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MOLDED WAFER CAPACITORS 


Product Information Bulletin 703, two 
pages, presents information on capaci- 
tors for application in environmental 
extremes. Capacitances vary from 
0.05 to 5500 uf; working voltages from 
200 volts a-c to 4 kv d-c. Amp Inc., 
Capitron Div., Elizabethtown, Pa. 
Circle 844 on Inquiry Card 


ALUMINUM HOUSINGS 


Six-page fold-out Brochure J offers in- 
formation on aluminum boxes applic- 
able as protective housings for relays. 
switches, terminal blocks and small 
electrical equipment. Units are dust- 
tight and weather resistant. Brochure 
lists standard sizes and designs avail- 
able. Anderson Electric Corp., Leeds, 
Alabama. 

Circle 845 on Inquiry Card 


RELAYS AND SOLENOIDS 


Brochure GC-100, four pages, details 
general-purpose solenoids, plate-circuit 
and stepping relays. Presents construc- 
tion features of each model, applica- 
tion information and electrical specifi- 
cations. Includes force-travel curves 
for solenoids. Artisan Electronics 
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TRANSPARENCY Stock shapes and film 
of LEXAN polycarbonate resin have ex- 
cellent transparency. Bar stock is easily 
machined; film can be thermoformed, 
heat-sealed and solvent-sealed. Combi- 
nation of clarity, toughness and mallea- 
bility gives LEXAN resin the design 
capabilities of a transparent metal! 
Circle 191 on Inquiry Card 


Corp., 171 Ridgedale Ave., Morristown, 
Mi Bs 
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SHAFT-POSITION ENCODER 


Four-page Bulletin 041 gives detailed 
electrical and mechanical specifications 
on Model 212, 11-digit, photoelectric 
encoder. Unit converts angular shaft 
displacement into electrical signals for 
digital readout. One rotation of shaft 
defines 2048 positions, with resolution 
of 10.55 min of arc per step. A R & 
T Electronics, Baldwin Piano Co., 1101 
McAlmont St., P. O. Box 627, Little 
Rock, Ark. 
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PRECISION BALL BEARINGS 


Catalog C-3, eight pages, describes 
deep-groove and angular-contact bear- 
ings having ABEC-7 tolerances. Bear- 
ing materials are SAE 52100 chrome 
steel for 350-F use; AISI 440 stainless 
steel for 900-F use. Lists standard 
bearings with detailed dimensional in- 
formation. Barden Corp., Danbury, 
Conn. 
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EPOXY ADHESIVE 


Bulletin 122, two pages, describes 
“Conap 1222,” which provides bonds 
to aluminum exceeding 5000 psi, offers 


TOUGHEST 
OF PLASTICS! 


LEXAN OPENS UP NEW OPPORTUNITIES... 
Even before LEXAN entered large- 
scale production, manufacturers, 
impressed by its exceptional proper- 
ties, developed and field tested over 
300 applications. G.E. participated 
in these developments. With the 
opening of new G-E facilities capa- 
ble of producing millions of pounds 
of LEXAN per year, the price of 
this versatile thermoplastic has 
dropped dramatically — over 40% in 
a single year. This fact alone has 
brought many new products within 
the range of feasibility. Can you 
afford to overlook the opportunities 
presented by LEXAN? Send for de- 
tails on price, properties, applica- 
tions and G-E’s technical assistance 
program today! General Electric, 
Chemical Materials Department, 
Section ET-71, Pittsfield, Mass. 


LEXAN’ 


Polycarbonate Resin 


GENERAL @® ELECTRIC 


good adhesion to steel, copper, glass 
and porcelain. Material is resistant to 
chemical attack, retains strength after 
30-day immersion in water; cures in 
one hour at 300 F. Two-component 
system contains 100 per cent solids. 
Conap, Inc., Allegany, N. Y. 
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PERMANENT MAGNET 


Single-page Preliminary Data Sheet, 
Issue 1, has information on a magnetic 
material designated alnico VIII. Rever- 
sible temperature coefficient is 0.013 
per cent per C. Flux loss is 0.5 per 
cent on cooling from +20 to —190 C, 
1.5 per cent on heating from +20 to 
+200 C. Electrical resistivity is 50 
pohm-cm. Crucible Steel Co. of Amer- 
ica, Pittsburgh 22. 
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CHAIN AND SPROCKET DRIVES 


Bulletin 5602, 4 pages, details stain- 
less-steel 0.1475-in. pitch chain and 
sprockets for limited-space drive ap- 
plications. Eleven sprockets with 8 to 
48 teeth permit 121 speed ratios. Bro- 
chure lists complete physical and di- 
mensional data. Diamond Chain Co., 
Dept. M, 402 Kentucky Ave., Indiana- 
polis 7, Ind. 


Circle 851 on Inquiry Card 
(Continued on page 192) 
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MATERIAL-LEVEL CONTROL 


| Two-page data sheet provides specifi- 

Durakool works Better for you longer cations on Model L400 level control 
that senses presence or absence of 

e material at selected level. Unit is fail- 
with silent Mercury safe, housed in dust-tight or explosion- 
proof enclosure. Operates on 110 volts, 

60 cps; DPDT contacts rated 5 amp. 


a T-I-M-E-R RELAYS | Flo-Tronics, Inc., Electronics Control 


Div., 712 W. Ontario Ave.. Minnea- 


e CONTACTORS polis 3, Minn. 
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e TILT SWITCHES | PRECISION D-C METERS 


‘ a = Four-page brochure outlines Model 
Timer “Fixed Time” Relays 700 SE meter that is capable of dis- 
Tamper proof timing in normally open or playing readings to 0.01 per cent ac- 
closed contacts. Choice of ¥% thru 20 seconds. curacy. Five ranges reading from 100 
pamp to 1 amp, or 100 mv to 100 volts 
are available. Panel-mounted or _port- 
able unit operates on 120 volts, 50 
cps. Greibach Instruments Corp., 319 
Tilt Switches No. Ave., New Rochelle, N. Y. 
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Contactors 
30-60 & 100 amp. 1, 2 and 3 pole combina- 
tions. Normally open or closed contacts. 


Will work in any position around their di- 
ameter. 1 amp. size are mercury to metal 
design. Over 1 amp., mercury to mercury. MINIATURE RHEOSTAT 

Available uninsulated or insulated in a Two-page Bulletin H-125-561 describes 
choice of materials. Model-H1214 rheostat with a_ resist- 


ance range from 1 to 5000 ohms. 
Send for Panel-mounted unit dissipates 1214 


Engineering watts, has rotation of 300 deg. Meas- 

BFC—300 Contactor Bulletin Vy TH fa iM 0 ry ures 7% in. in diam x 11/16 in. long. 

Pee No. D73B eae N a Hardwick. Hindle, Inc., 40 Hermon 
St., Newark 5, N. J. 
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ELECTRONIC-COMPONENT HOLDERS 


Specify Kl RKWOO D ; | | Catalog, 64 pages, presents detailed 


information on component clips for 


(SLIP py terminal board or chassis mounting. 

C LLECTOR RINGS RINGS) , | Includes complete dimensional data. 
a Materials are phosphor bronze. spring 

e2) steel or beryllium copper. Nine dif- 

MADE TO YOUR SPECIFICA- oe, d ferent finishes are offered. Masterite 
TIONS IN EITHER STEEL Industries, Div. Houston Fearless 
CORE OR MOLDED TYPE. ! Corp., 849 W. Olive St., Inglewood, 

Calif. 
KIRKWOOD Collector Rings Circle 855 on Inquiry Card 


are completely dependable and 
efficient. Most of ane MINIATURE INDICATOR LIGHTS 


quirements can be obtained . 2 | Two-page Sheet MCA-561 outlines 
from KIRKWOOD stock. lights for use on computers, display 


panels and military electronic equip- 
ment. Lampholder mounts in a %-in. 
diam hole, features black anodized 
aluminum case, nylon insulation. Units 
incorporate neon or _ incandescent 
lamps for wide range of voltages. In- 
dustrial Devices, Inc., Edgewater, N. J. 
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POWDER METALLURGY 


Twelve-page fold-out brochure lists 
standards and technical publications 
presented at annual meetings of Metal 
Powder Producers Association. Covers 
metal powders, parts, cores, ferrite 
SS PA cores, ceramic permanent magnets, and 
es*" 4855 W. 130th St., Cleveland 35, Ohio | processing equipment. Listed also are 

| periodical publications available. Metal 
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PUTTING MAGNETICS TO WORK 


How fo shrink a filter! 


Magnetics Inc. ‘‘120” solves the problem of core size vs. inductance in miniaturized circuits 


Trying to squeeze high core inductance into a small 
space for use in miniaturized resonance, filter, audio, or 
carrier frequency circuits usually ends in a compromise. 
You either force more out of a smaller core, or you use a 
larger one. Not so, however, if you’re familiar with the 
Magnetics Inc. “120.” 


This molybdenum permalloy core has a .655 inch outer 
diameter—is just between the .500 and the .800 inch core 
you may be using. What makes this little fellow unique 
is its inductance per 1,000 turns... higher than either of 
its neighbors, whether 60, 125 or 160 permeabilities. 


Note, too, that like all Magnetics Inc. powder cores, the 
“120” is performance-proved and rated within realistic 
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inductance limits. All permeabilities are available from 
stock now. What’s more, the 125 permeability core is 
inductance stabilized within +0.1% from 0° to 55°C. 


More information on this and other cores in the Mag- 
netics Inc. line is contained in design bulletin PC-203 R. 
It’s yours by writing Magnetics Inc., Department ET-91, 
Butler, Pennsylvania. 


@ 


MAGNETICS inc. 
— ff fF | 





WITH A. P. 1. METER-RELAYS YOU CAN MONITOR 
AND CONTROL JUST ABOUT ANYTHING! 


Handy gadget, the A.P.I. meter-relay. You can use it to indicate, 
monitor, and control practically any electrically transduceable vari- 
able. Things like moisture content, pH, motor load, radiation level, 
temperature, speed, light, sound. And, because it’s so highly sensi- 
tive (0-5 microamps or millivolts is the minimum range), you can 
pipe-in thermocouple, strain gauge and other low-level signals directly, 
without amplification. 

It’s a highly reliable device, too. You can reasonably expect to 
get at least 10,000,000 perfect make-break operations. You'll prob- 
ably get twice that many. We have. 

You can spec A.P.I. meter-relays in any range you want, from 
the minimums mentioned up to 0-50 amps or 0-500 volts, AC or 
DC. We can calibrate scales in any units you require. Control set- 
points can be either single (high or low) or double (both high and 
low). Catalog 4J will give you much useful and interesting informa- 
tion about meter-relays. It will also give you detailed, explicit 
specs and prices. Yours for the asking, of course. 


ASSEMBLY PRODUCTS INC. 


CHESTERLAND 14 OHIO 
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Powder Industries Federation, 60 East 
42 St., New York 17. 
Circle 857 on Inquiry Card 


FLEXIBLE COUPLINGS 


Catalog, 12 pages, describes couplings 
featuring flexing characteristics of 
“Lovellex” non-metallic material. Flex- 
ural fatigue strength exceeds that of 
steel. Standard units are available for 
shaft diams from 1% to 31% in. and for 
hp-per-100-rpm requirements from 0.3 
to 29.0. Special sizes and ratings avail- 
able. Lovell Mfg. Co., Erie, Pa. 

Circle 858 on Inquiry Card 


Manufacturer’s 
Publications 


For these selected publications on 
materials, components, technical data and 
engineering services, write direct to the 
manufacturers on company letterhead, 
mentioning ELectro-TECHNOLOGY as your 
source. 


SEMICONDUCTOR PACKAGE 


Five-page bulletin describes construc- 
tion, manufacture and characteristics of 
cold welded-insulated TO-9 semiconduc- 
tor package. Write to Solid State Prod- 
ucts, Inc., 1 Pingree St., Salem, Mass. 


SOLID-STATE CONTROL OF 
MICROWAVES 


Six-page paper discusses the applica- 
tions of semiconductor diode devices 
which use varactors in microwave 
switching, phase-shifting, duplexing and 
limiting. Paper summarizes typical per- 
formance capabilities of solid-state con- 
trol devices, is designed to be an intro- 
duction to the basic uses of varactor 
diode devices. Send request to Micro- 
wave Asociates, Inc., Burlington, Mass. 


PHOTOCONDUCTIVITY OF MIXED 
CRYSTAL 


Eight-page Technical Note M-A 1961 
explains methods of growth of cadmium 
sulfide/cadmium selenide crystals for 
use as semiconductor materials with 
sensitive and reasonably fast character- 
istics. Send letterhead request to Gian- 
nini Controls Corp., 1600 So. Mountain 
Ave., Duarte, Calif. 


REACTION OF FLUORINATED 
POLYMERS TO IONIZING RADIATION 


This technical paper details the experi- 
mental radiation processing of polytetra- 
fluoroethylene, polyvinylidene fluoride 
and polyvinyl fluoride in various en- 
vironments. Observed physical changes 
are reported and discussed, and the 
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5-WIRE gee PLIANCE CORD WITH GORD-GRIP 


ment Engineering 


Don't make another ungrounded appliance! Safety 
Suggests it—UL increasingly demands it. Here’s 
how Cornish helped one manufacturer. It’s a 15-amp, 
115-volt, 3 conductor cord with molded-on cord-grip, 
to keep the cord from dangling when not in use. Cornish 
can also furnish an adapter for using the 3-pole plug in 
a 2-pole outlet. ("| Bring any appliance cord problem to 
Cornish. Often, you'll find a cordset in our line that's 
just right. Otherwise—our Development Engineers make 

it a habit to work out a cordset powered for you... 

styled for you. Cornish Engineers are always ready 

to work with you. Why not get in touch with 
us soon? Cornish Wire Co., 50 Church 
Street, New York 7, New York. 
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SPECIAL 
INDUCTION 
MOTORS 

FROM KEARFOTT 


Kearfott Special Induction Motors meet the needs of a 
wide range of application problems. The motors shown 
here represent only a part of the many types available for 
the most demanding loads and environmental conditions. 


F-25-2 | 12.4 H.P.-COMPACT INDUCTION MOTORS 
A uniquely compact, 3-phase induction motor for axial vane blower 
applications, only 5%2” diameter, 9%,” long. 
Input: 200 volts, 400 cps, 3 phase 
10.1 KW at full load 
Output: 12.4H.P., 11,600 RPM 
Weight: 17.72 Ibs. 


DF-15-5 | EXPLOSION-PROOF INDUCTION MOTOR 


A minlaiste, base mounted, totally enclosed, fan cooled motor de- 
signed to drive airborne jet-fuel pumps. High starting torque is 
equally applicable to driving gear pumps and compressors. 

Input: 208 volts,400 cps, 3 phase 


173 watts at full load 
TYPICAL CHARACTERISTICS = Output: 0.15 H.P., 5,300 RPM 


Weight: 4.75 Ibs. 


BF-15-14 | TOTALLY ENCLOSED FAN-COOLED INDUCTION MOTOR 
This motor is designed as the driving unit for fuel, air, and hydraulic 
pumps for aircraft under severe environmental conditions. 

Input: 115 volts, 400 cps, 3 phase 
TYPICAL CHARACTERISTICS | Output: .03 H.P., 10,000 RPM. 
Weight: 1 Ib. % oz. 


A-10-11 | HIGH TEMPERATURE 
SPLIT-CAPACITOR INDUCTION MOTOR 


This subminiature motor is designed to operate over the ambient 
temperature range of —55° C to +125° C. It can be supplied to 
drive either vane or axial-type fans for chassis cooling. 
Input: 115 volts, 400 cps, 3 phase 

11.5 watts at full load 
Output: 1/400 H.P., 10,500 RPM 
Weight: 3.5 oz. 


TYPICAL CHARACTERISTICS 


TYPICAL CHARACTERISTICS 


Write for complete data 


KEARFOTT DIVISION 


GENERAL PRECISION. INC. 


Little Falls, New Jersey 
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results achieved in the different mate- 
rials are compared. Copies of paper 
presented at 17th SPE ANTEC may be 
obtained on request to Radiation Dy- 
namics, Inc., Westbury Industrial Park, 
Westbury, N. Y. 


MICROMODULE COMPONENTS 
AND APPLICATIONS 


Series of symposium papers shows capa- 
bility, characteristics, reliability and 
costs of microelements and micromo- 
dules, and their applications in digital, 
communications and avionic equipment. 
Write for ICE-242 to Semiconductor and 
Materials Div., Radio Corp. of America, 
Somerville, N. J. 


CERAMIC RECEIVING TUBES 


Bulletin ETD-2713, 213 pages, contains 
technical data on line of 20 registered 
and 15 developmental ceramic tube 
types. Also presented are diagrams, 
graphs, illustrations, a_ tube-selection 
chart and typical socket data. Bulletin 
ETD-2134, 52 pages, contains applica- 
tion information as well as data on de- 
sign, materials, manufacturing, perform- 
ance and reliability of small ceramics 
receiving tubes. Order by number from 


Receiving Tube Dept., General Electric 
Co., Owensboro, Ky. 


PROPERTIES OF COMMERCIAL 
GLASSES 


Sixteen-page brochure B-83 gives data 
on corrosion resistance and thermal ex- 
pansion of 32 commercial glasses. Aver- 
age expansion coefficient from room 
temperature to the setting point of the 
32 glasses is given for use in sealing 
applications. Numerical code system 
shows resistance of each glass to 
weather, water and acid. Pamphlet also 
contains information on evaluating the 
hardness of glass, includes sections on 
mechanical, electrical and optical prop- 
erties, thermal stress, heat transmission 
and viscosity. Bulletin is available upon 
request on company letterhead from 
Corning Glass Works, Corning, N. Y. 


METAL FOIL SAMPLES 


Five samples of metal foils 3 in. x 7 in., 
in thicknesses from 0.000125 to 0.0005 
in., are available with the following 
alloys included: beryllium copper, stain- 
less steel, 4-79 Mo-Permalloy, copper 
and Havar. Send request with $10.00 
to Precision Metals Div., Hamilton 
Watch Co., Lancaster, Pa. 


INDUSTRIAL TUBE CATALOG 


Fifty-two-page Catalog PA-400 contains 
data on more than 400 industrial and 
special-purpose tubes. Principal charac- 
teristics and ratings are shown, as well 
as basing diagrams and physical di- 
mensions, for tubes in the following 
categories: computer tubes, foreign re- 
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TMD-914 and TMD-916 

DIFFUSED SILICON MICRODIODES 
MICRO-EQUIVALENTS of the 
1N914 and 1N916 


Duplicating the specifications of the popular 1N914 and 1N916, 
these microminiature very fast switching silicon diodes offer low 
capacitance and are designed for use in extremely high speed tran- 
sistorized computer circuitry. Their durable construction in an all- 
glass package‘features TRUE hermetic sealing and a unit capable of 
providing long-term reliability under extreme environmental condi- 
tions. 
Recovery time: 0.004 micro-second. 
SPECIFICATIONS AT 25°C 
TMD-914 TMD-916 
Maximum Forward Voltage at 10mA 1 Volt 1 Volt 
Maximum Inverse Current at 20V 025 uA 025uA 
Minimum Inverse Voltage at 100uA 100 Volts 100 Volts 
Maximum Capacitance at 0 Volts 4 uyF 2 uF 


For further information, write for Bulletin PB-71C. Circle 198 on Inquiry Card 


ACTUAL SIZE 


6.3 VOLT CERTIFIED 
SILICON VOLTAGE REFERENCES 


Now, for the first time in the industry, silicon voltage references 
that have exhibited voltage stabilities as low as +.002% for 1000 
hours are being CERTIFIED and offered by Transitron. These 
significant features are associated with each unit: 
e Actual readings recorded periodically over 1000 hours included 
with each certification document. 
¢ Serialization of units for convenient reference to their production 
and life test histories at Transitron. 
Manufacturers of missiles and precision instruments who require 
a stable voltage reference of small size and weight may look to 
Transitron for these references which are certified at point of pur- 
chase. 
Temperature 
Certified* Voltage Range Stability Maximum 
Voltage at lz = 7.5mA Maximum Dynamic 


Type Stability at 25°C Voltage Resistance 
(%) (Volts) Change 


Min. Max, (Volts) 

1N3501 +0.01 6.2 6.5 + 0,006 

1N3502 +0.01 6.2 6.5 + 0,003 

ACTUAL SIZE 1N3503 +0.005 6.2 6.5 0,006 
1N3504 +0.002 6.2 6.5 + 0.006 


*Voltage References certified for voltage stability observed during 1000 
hours operation. 
For further information, write for Bulletin TE-1352F-1. 
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‘Ira ngitron 


electronic corporation 


wakefield, melrose, boston1, mass. 


SALES OFFICES IN PRINCIPAL CITIES THROUGHOUT THE U.S.A. AND EUROPE + CABLE ADDRESS: TRELCO 


For quantities 1-999 call your nearest Transitron Industrial Distributor 





2-COIL “MEMORY” 
RELAY 

Mechanica! latch, electri 
cal reset, Frame 255, with 
DP-DT; TP-DT; or 2 N. O 
and 2 N. C. contacts 


GENERAL PURPOSE > 
CONTROL RELAY 
Frame 219—Available in 3 


standard contact arrange- 
ments. 


TIME DELAY 
CONTROL RELAY 


Frame 235 —Combines a 
solid state adjustable tim- 
ing element with a Frame 
219 relay unit. Timing 
ranges: 0.2 to 18 seconds; 
2.0 to 180 seconds 


SINGLE COIL 
SEQUENCE RELAY | 


Frame 211—Provides 
thousands of control 
sequences, permits simpli- 
fied, low cost sequence 
control. 


RELAYS 


for better, more compact, 
sensibly priced 


INDUSTRIAL CONTROL 


These compact Dunco relays in matching plug-in designs are causing 


a quiet revolution in simplifying and economizing modern control of 


many kinds. 


Four moderately priced types provide practically any 
operational circuitry feature. Life, dependability, insulation and other | 
characteristics meet the most critical industrial control specifications. | 


Write for engineering data bulletin on any type to: 


STRUTHERS-DUNN, Inc., 


roe 
I 
~Q) 


Cincinnati + Clevelan 
Kansas City + Los 


Angeles 
St. Louis » San Carlos « 


Pitman, N. J. 


,_ SERUTHERS-DUNN 


5,348 RELAY TYPES 


- Sales Engineering offices in: 


Atlanta « 


; Boston + Buffalo + Charlotte +» Chicago 
7 alias 


* Dayton + Denver + Detroit + High Point 
* Montreal + New York + Orlando + Pittsburgh 
Seattle + Toronto + Export: Langguth-Olson Co., New York 
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placements, gaseous diodes and triodes, 
hi-fi tubes, military tubes, photocells, 
phototubes, power tetrodes and pen- 
todes, power triodes, rectifiers, special- 
purpose tubes, krytron trigger tubes and 
high-resolution cathode-ray tubes. Cata- 
log may be obtained at 50¢ from CBS 


Electronics, Danvers, Mass. 


SWITCH CATALOG 

Catalog “E” provides 16 pages of infor- 
mation covering variety of switches in- 
cluding leaf, snap-action, cam, roller, 
coin, bifurcated, pushbutton and special 
switch asemblies. Complete  dimen- 
sional drawings of switch components 
are included. Write on company letter- 
head to Guardian Electric Mfg. Co., 
1550 W. Carroll Ave., Chicago 7. 


FREQUENCY AND TIME STANDARD 
SYSTEMS MANUAL 


Application- Note 52 is manual of fre- 
quency and time standard systems. Con- 
tains a general discussion of such prob- 
lems as frequency and time control, 
radio propagation, time scales and de- 
tailed consideration of system opera- 
tion, frequency determination and time 
determination. Manual may be obtained 
by writing H. J. Lewenstein, Hewlett- 
Packard Co., 1501 Page Mill Rd., Palo 
Alto, Calif. 


ZENER-RECTIFIER HANDBOOK 


Silicon Zener diode and rectifier hand- 
book, 185 pages, covers basic theory, 
design characteristics and applications 
for Zener diodes and rectifiers. Book 
examines use of Zener diodes in reg- 
ulated power supplies and also to 
protect against load-current surges, 
supply-voltage surges, decreasing supply 
voltage, arcing and over-voltage in 
transistor circuits and circuits incorpo- 
rating meters. Silicon rectifier transient 
and frequency limitations, series con- 
nection, filter circuits, circuit charac- 
teristics and practical rectifier circuits 
are discussed. Copies of the handbook 
are available for $2.00 from Motorola, 
Inc., Semiconductor Products Div., 5005 
E. McDowell, Phoenix, Ariz. 


PHOTO-DUO-DIODES 


Eight-page pamphlet explains theory, 
measurement of parameters and opera- 
tion of 1N2175 photodiode. Send written 
request to Semiconductor-Components 
Div., Texas Instruments, Inc., Box 5012, 
Dallas 22. 


COBALT-NICKEL BIBLIOGRAPHIES 
“Bibliography on Cobalt-Nickel Coat- 


ings,” 25 pages, contains 135 references 
to literature on magnetic coatings and 
properties from 1899 to 1961. Abstracts 
accompany references from 1956 to 
1961. The 29-page “Bibliography on Co- 
balt-Nickel Alloy Properties” lists 155 
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New low-cost Transient Control’ 
makes silicon rectifiers reliable 
by clipping voltage spikes 


The new Ledex Transient Control guaran- 
tees positive dependability of 200 PIV 
silicon rectifiers. It’s a non-polarized de- 
vice that automatically clips voltage spikes 
by providing a low resistance shunt for 
all potentials above 200 volts—on the AC 
or DC side. It draws no current in normal 
operation. 


As shown in the actual scope shots 
above, the control will repeatedly clip 
transients or reverse voltages to a safe 
level of 200. To the design engineer, it is 
a guarantee that the maximum voltage will 
go no higher than 200. Compact, light, 
and economical, the new development 
puts low-cost 200 PIV diodes in a re- 
liability class of their own. 


While the device is mainly intended for 
protection of 115 VAC silicon rectifier 
circuits, it can also be designed to clip 
spikes and protect other semi-conductor 
circuits at lower or higher control voltages. 
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(] NEW LEDEX TRANSIENT CON- 
TROL is small (34” dia. by 13%” 
long), lightweight (24 oz.) low cost 
($1.60 to $2.05 in small quantities). 
Part No. A-46800-001 has 200 volt 
control and 2” leads. 
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(] NEW LEDEX SILICON BRIDGE 
RECTIFIER is protected by a built-in 
Ledex Transient Control. Voltage 
spikes are automatically clipped at 
200. The rectifier is sealed in epoxy 
resin and meets the general require- 
ments of MIL-E-5400 on insulation, 
terminals, vibration, shock, sand and 
dust, fungus and salt atmosphere. 
Operating temperature is —65°C to 
+120°C. Part No. A-46501-001 is 
rated as follows: 115 volt AC input, 
100 volt DC output, maximum surge 
50 amp for 8 msec. $6.80 to $8.15 
in small quantities. 
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[] VALUE ANALYSIS RECTIFIER 
TRANSIENT CONTROL KIT con- 
sists of Transient Control, Silicon 
Rectifier with built-in Control and 
outline for evaluation tests to com- 
pare costs and reliability with your 
present circuits. Part No. A-47607- 
001. $11.00 per kit. 


Other Ledex products are ready to 
go to work as compact solutions to 
your actuating, stepping or circuit 
switching applications. 


FOR LITERATURE, clip this ad, 
check boxes above, attach to your 
letterhead and mail to Ledex Inc., 
Dayton 2, Ohio; Marsland Engineer- 
ing, Ltd., Kitchener, Ont.; NSF Ltd., 
31 Alfred Place, London, Eng.; 
AEMGP, 115 Ave. Clement, Bou- 


logne, France. 
4% PAT. PENDING 
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that cures 


HALF the time! 


MYSTIK BRAND 


7020 GLASS CLOTH THERMOSETTING TAPE 


WB Here’s a new tape that cures in only half an hour at 350°F 
...Saves costly time in thermosetting applications. No. 7020 
has a high-tensile glass cloth backing that is really tough. The 
adhesive forms a tight initial grip and the bond is greatly 
increased after thermosetting. This tough Mystik tape has 
excellent resistance to abrasion, chemicals, solvents and 
aging. And it provides a hefty dielectric strength of 2,000 
volts A.C.! 


If you need a fast-setting tape with superior electrical and 
physical performance, Mystik No. 7020 is the tape to specify. 
There are hundreds of uses for this rugged tape. Send in 
today for detailed information about how it can save you 


thermosetting time and money! 


® 
MYSTIK MYSTIK ADHESIVE PRODUCTS, INC. 


TAPE 


2635 N. KILDARE AVENUE + CHICAGO 39 
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references covering literature from 1927 
to 1961. “Production and Utilization of 
Cobalt Powders,” 11 pages, reviews pro- 


| duction methods, particle-size analysis 
and determination of specific surface 
| area and uses. “Cobalt Binary Systems 


Data Sheet” provides data on 48 cobalt 


| binaries including rare earths, crystal 
| structure, size factor, maximum solid 


solution, eutectic, second phase and 
other phases in system. Send request 
on company letterhead to Cobalt Infor- 


| mation Center, c/o Battelle Memorial 
| Institute, 505 King Ave., Columbus 1, 


Ohio. 


MANUAL ON TIME CONTROLS 

Seventy-page manual, concentrating on 
practical information, starts with an 
elementary explanation of time controls 


| and circuits and progresses to applica- 


tion diagrams. Among specific subjects 
covered by the manual are: basic con- 
struction of time controls; a simplified 


| explanation of switches and circuits; 
| the function and operation of elapsed- 


time indicators, cycle timers, interval 
timers, time delay timers and line reset 
timers. Write to G. S. Johnson, Haydon 
Div. of General Time Corp., Torrington, 
Conn. 


TOROIDAL CORE DESIGN HANDBOOK 


| Containing basic design information tips 
| and formulas, handbook includes tem- 
| perature curves, analysis of core loss, 


d-c resistance, eddy-current loss resist- 
ance, hysteresis-loss resistance and self- 
capacitance. Curves display total core- 


| loss resistance vs frequency, hysteresis, 
| incremental permeability, change of in- 


ductance with flux density, and Q values 


| vs frequency. Charts enable designer 
| to select core size and permeability at 
| desired frequency and Q value. Hand- 
| books are available on letterhead re- 


| quest to Connelly & Co., P. O. Box 


295, Menlo Park, Calif. 


| ENVIRONMENTAL TESTING 


Catalog 161 illustrates and describes 


| line of electric ovens, furnaces, baths, 


environmental cabinets, related temper- 
ature-control equipment and accessories 
for laboratory, pilot plant and produc- 


| tion. Copies are available upon request 
| to Blue M Electric Co., 138 and Chat- 
| ham St., Blue Island, Ill. 


SILICON TRANSISTOR HANDBOOK 


A comparative study of high-frequency 
silicon transistors produced by four 
major manufacturers is contained in 
28-page “Designers Handbook.” Basis 
of the study was the 2N338 and equival- 
ent types. Lines of each manufacturer 
are described and compared for elec- 
trical and mechanical characteristics, 
parameter distributions, design re- 
quirements and other varying areas. 

(Continued on page 202) 
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Vitreous Enamel Resistors 
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’ 


Whatever your needs in 


... Mallory meets ‘em 


with fixed or adjustable tubular styles + fixed 
flat styles+ multi-tap styles* and axial lead types 
Highly resistant to thermal shock and humid- 
ity ... operate at high ambient temperatures 
(40°C) ... range 3 to 240 watts. Many types 
qualified under MIL-R-26C. New spade 
terminal for quick disconnect. We would 
welcome the opportunity to work with your 
engineers to develop special models for 
your specific applications. Mallory Controls 
Company, Frankfort, Indiana. 


A division of 


MALLorY 
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Get immediate delivery of 


MALLORY VITREOUS 
ENAMEL RESISTORS 


.».at factory prices... 


from these Mallory 
Industrial Distributors... 


ARLINGTON, VA. 
Rucker Electronic 
Products 


BOSTON, MASS. 
Cramer Electronics 
Lafayette Radio 


CINCINNATI, OHIO 
United Radio 


COLUMBUS, OHIO 
Whitehead Radio 


DAYTON, OHIO 
Allied Supply 


INDIANAPOLIS, IND. 
Graham Electronics 


MILWAUKEE, WISC. 
Radio Parts 


NEW BRIGHTON, PA. 
Television Parts 


NEW YORK, N. Y. 
Harrison Radio 
Lafayette Radio 


PALO ALTO, CALIF. 
Zack Electronics 


SEATTLE, WASH. 
F. B. Connelly Co. 


SPRINGFIELD, ILL. 
Bruce Electronics 


See Mallory Controls Company for 


fe) 
ao 


wire-wound rotary plugs & power 
controls switches jacks rheostats 
—25to 500 watts 
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Ultra- 


sensitive 
relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE 


The circuit drawing below indicates just one 
of the hundreds of ways many manufac- 
turers utilize Micropositioner® polarized 
relays to solve complex control problems. 


eh 
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PHOTOELECTRICITY APPLICATION 


Many stages of electronic amplification in 
photoelectric controls can be completely 
eliminated with a Barber-Colman Micro- 
positioner, since a current generating pho- 
tocell alone provides sufficient power to 
operate this relay directly. 

A Micropositioner operating on 50 micro- 
watt input (with fine silver contacts rated 
at 1 ampere, 110 volt 60 cycle, resistive 
load) is essentially a tubeless amplifier 
capable of two million times amplifica- 
tion. 

Among the many applications for this 
simplified, nonelectronic photocell con- 
trol are punch press safety controls . . . 
emergency lighting controls . door 
openers .. . burglar alarms. . . level con- 
trols . . . packaging, sorting, filling, and 
materials handling controls . . . plus many 
other automation functions. 

If you are developing an application call- 
ing for photocell control, why not make a 
test with a Micropositioner designed for 
circuits similar to that shown above? Write 
for technical bulletins F7279 and F3961. 


BARBER-COLMAN 
MICROPOSITIONER® 
POLARIZED D-C RELAYS 


Operate on input 
power as low as 40 
microwatts. Avail- 
able in three types 
of adjustment: null 
seeking .. . magnetic 
latching “‘memory”’ 
...and form C break- 
make transfer. Also 
transistorized types with built-in preampli- 
fier. Write for new quick reference file. 


BARBER-COLMAN COMPANY 


Copies may be obtained with a letter- 
head request to W. Schoonmaker, Ray- 
theon Co., Semiconductor Div., 150 
California St., Newton, Mass. 


VINYL-ALUMINUM LAMINATE 


Twenty-page “Vynalate” brochure con- 
tains sample of vinyl-aluminum lamin- 
ate material, also includes chips of 39 
special vinyl color-pattern combina- 
tions. Samples are accompanied by 
technical data and use suggestions. 
Publication may be obtained from 
Aluminum Co. of America, 720 Alcoa 
Building, Pittsburgh 19. 


PRECISION MEASUREMENT 
AND BEARINGS 


“Motion Research and Engineering,” 
Vol. 2, No. 1, includes articles on pre- 
cision measurement with optical inter- 
ferometer and on bearings—tests and 
inspection techniques, failures and 
causes. Send letterhead request to SKF 
Industries, Inc., Front St. and Erie 
Ave., Philadelphia 32. 


SEMICONDUCTOR DIODE AND 
RECTIFIER CHARACTERISTICS 


Three - hundred - page “Characteristics 
Tabulation” contains detailed specifica- 
tions covering 10,000 different types of 
diodes and rectifiers produced by 116 
manufacturers in the world; also in- 
cludes 225 outline drawings. Enables 


user to check on alternate and new pos- 
sibilities and on all current sources of 
manufacture. Data may be found by 
looking up either the component’s elec- 
trical characteristics or type number. 
One-year subscription is available for 
$23.25 from Derivation and Tabulation 
Associates, Inc., 43 So. Day St., Orange, 
N. 3. 


BIBLIOGRAPHY OF MAGNETIC 
TAPE RECORDING 


Covering the period 1954-1960, this 
bibliography includes references to 
about 60 European and United States 
publications. Copies are available at 
$1.00 each from Kinelogics Corp., 1256 
No. Fair Oaks Ave., Pasadena, Calif. 


INSTRUMENTS AND 
COMPONENTS CATALOG 


Catalog, 30 pages, describes r-f instru- 
ments and coaxial components; gives 
characteristics, dimensions and _ prices 
of slotted lines, tapered reducers, 
adapters, instrument loads, calibrated 
mismatches, impedance matching tuners 
and networks, impedance-standard 
lines, automatic impedance plotters, 
transmission-line hybrids, r-f bridges, 
coaxial switches, line stretchers, vari- 
able calibrated attenuators, matching 
tees and detector-mixer. Send letterhead 
request to Alford Manufacturing Co., 
299 Atlantic Ave., Boston 10. 


NYLON ¢ Ftastic 


Economically mass 
produced on fully 
automatic patented 
machines, GRC nylon 
parts are available 
from stock in many 
sizes and types. 
GRC uses single 
cavity techniques, 
molds in one 
automatic cycle, gets 
accurate, uniform 
parts. 


These advantages, 
these economies, apply 
too, to tiny made-to- 
order parts to your 
specifications .. . 

in quantities of 
25,000 to many 
millions. Write for 
bulletin describin 
GRC's unique method 
for injection molding 
small plastic parts or 
send for prints for 
quotation. Ask about 
our zine | die 
castings, too 


INSULATORS & 
BUSHINGS 


ws 


- CON 
BossiNs 


WIRE THES 
NO SIZE TOO SMALL 
Maximum size 1%” 
long—.05 oz. 


25 years of 
progress in 
tiny parts 


molded 


4s 
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NYLON SCREWS & NUTS 


GRC’s complete line of 47 quality, close tolerance 
nylon screws and i 

standard commercial 
—in sizes from 
(#2 thru 5/16” 
screws — half the weight of 
small as #0— make more compact designs possible. 
GRC’s single cavity molding technique adds exceptional 
uniformity, accuracy, economy to nylon’s high strength- 
to-weight ratio, built-in electrical insulating 
stability, resilience and elasticity. GRC’s molded fasteners 
are available in Nylon or Delri 


ex nuts include screws in 
heads—Phillips or slotted types 
4 thru 4”; hex nuts in ten sizes 
RC molded nylon miniature machine 
aluminum —in sizes as 


ualities, 


n, in a wide range of 
types, sizes and lengths. 


WRITE, WIRE, PHONE NOW for 
Samples, Prices & |... 

your copy of 

GRC's new de- 

tailed Industrial 

Fastener Catalog ® 


GRIES REPRODUCER CORP. 
World's Foremost Producer of Small Die Castings 


DEPT. y, 1803 ROCK STREET, ROCKFORD, ILLINOIS 149 Beechwood Ave., New Rochelle, N. Y. @ NEw Rochelle 3-8600 
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Two modern plants, advanced processing equipment 
of our own design, unexcelled research and testing 
facilities, eight regional warehouses—that tells most 
of the Rea story, but not all. 


We’re specialists in magnet wire design and appli- 

cation—copper and aluminum, all insulations. Rea 

field consultants’ first function is helping the electri- 

cal and electronics: manufacturing industries pro- 

Cine end duce better equipment, blaze new trails. Talk over 

Aluminum Magnet Wire, Your next wire order—or problem—with a Rea man. 
All Insulations Or write to us in Fort Wayne. 


REA MAGNET WIRE COMPANY, INC. . Division of Aluminum Company of America « Dept. 1931-J, Fort Wayne, Indiana « TWX: FW187 
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New COMPONENTS and MATERIALS 


A staff compilation of the latest developments . . . 
in electrically operated end products . . 


tions and available application data. 


SUBMINIATURE RELAY 


Model BR-12K relay, sensitive to 20 
mw, supplements existing series of d-c 
to 3-amp relays. At rated load and 125 
C, operational life exceeds 100,000 


cycles. Withstands 50-g vibration to 
3000 cps and 125-g shock for 11 milli- 
sec. Meets requirements of MIL-R- 
757D. In plug-in, solder-hook and 

printed-circuit terminations. Size is 
0.400 x 0.795 x 1.270 in. long. Babcock 
Relays Div., Babcock Electronics Corp., 
1645 Babcock Ave., Costa Mesa, Calif. 
Circle 501 on Inquiry Card 


LONG DELAY RELAYS 


Solid-state relays function as ON or OFF 
delays, a-c or d-c; are voltage and 
pulse stabilized. Timing periods range 
from seconds to 11% hr; accuracy is 


/ 
~ 


+5 per cent. Contacts are 3PDT, rated 
at 5 amp. Units operate to 65 C, are 
adjustable; reset action is instantan- 
eous. Clearview Electronics Corp., Inc., 
140 E. Main St., Elkton, Md. 
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NOR CIRCUIT MODULES 


Series of modules operates over fre- 
quency range from 0 to 25 kc, meets 


204 


¢ 
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requirements of MIL-STD-202B. Units 
include dual 3-input Nor circuit, power 
driver, converter and pulse gate. Two 
packaging styles have all-welded elec- 
trical connections and are encapsulated. 
Engineered Electronics Co., 1441 E. 
Chestnut Ave., Santa Ana, Calif. 
Circle 503 on Inquiry Card 


SUBMINIATURE CAPACITORS 


Line of polycarbonate capacitors for 
printed-circuit applications operates at 
75 volts; available in both flat and 
round types. Operating range, —50 
to +130 C. Capacitance ranges from 


0.05 to 0.001 yf. Said to offer superior 
service over polycarbonate capacitors 
using Mylar, barium titanate, porcelain 
and paper as the dielectric. Compon- 
ents Specialties, Inc., 3 Foxhurst Rd., 
Baldwin, N. Y. 
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SINGLE-TURN 
POTENTIOMETERS 


“Micropot,” Series 2490, provides re- 
sistance range from 100 ohms to 200 k 
ohms. Max power rating is 6 watts at 
40 C. Measures 3 in. in diam by 1 in. 
long; eight units can be ganged on 


screened for design-in use 


. complete with all released specifica- 


common shaft. Operates at tempera- 
tures to 125 C, utilizes color-coded, 
gold-plated terminals. Amphenol-Borg 
Electronics Corp., Janesville, Wisc. 
Circle 505 on Inquiry Card 


INSULATING LAMINATE 


Glass-cloth, melamine-resin laminate 
11588 is for use in electric apparatus 
and appliances. Has excellent moisture 
resistance and flexural strength quali- 
ties. Offers high arc resistance, good 
impact strength, flame retardance, and 
good electric strength. In semi-gloss, 
natural brown finish; thickness ranges 
from 0.015 to 3.5 in. General Electric 
Co., Laminated Products’ Dept., 
Coshocton, Ohio. 
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TUBULAR RIVET MACHINE 


High-production, heavy-duty tubular 
riveting machine, Model 600, is suitable 
for electrical, electronic and metal- 
fabrication assembly. Feeds and fastens 
eyelets and grommets; requires no 


tooling change to handle fasteners of 
varying lengths with same barrel diam- 
eter. Produces setting force of 3000 
ft-lb. Flywheel is engaged by a single- 
revolution clutch, operated by electric 
foot switch. Eyelet Tool Co., Inc., 31 
Carleton St., Cambridge 42, Mass. 
Circle 507 on Inquiry Card 


PRINTED-CIRCUIT 
LAMINATE 


Self-extinguishing paper-base laminate 
is said to offer mechanical properties 
of glass-base materials. Flexural 
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Ni ie Wiicro Clutch Reset 
Two Types OF Provides time delay or interval timing, opening or closing 
TERMINAL BLOCKS 


ella (FRONT OR REAR OMe or more switches after an adjustable period of time — 
BEZEL SS MOUNTED) and, in addition, offers you these advantages. 


(IF REQUIRED) 
EXCEPTIONAL VERSATILITY . . . results from modular construc- 
tion concept. One basic unit plus easily assembled standard 
parts provides 12 different variations to meet a very wide 
range of physical and electrical requirements. Reduces cost, 
speeds deliveries. 

LOWER COST ... than other units of comparable capacity and 
quality, because of savings made possible by advanced de- 
sign and modular construction. 

REQUIRED) ; SIMPLE CONSTRUCTION . . . with fewer moving parts. This 
means greater dependability and contributes to lower pur- 

“ake ae mesic et chase price without sacrificing quality and performance. 
OF DIAL FACES — ' (COMMON COMPACT .. . \%4” shorter than the next smallest competitive 


FRONT OR REAR TO ALL 3 ei ‘ 
SOUNTED) VERSIONS) unit and 1” smaller than most competitive units. 
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Supplied for rear or panel mounting, HIGHER RATED LOAD SWITCHES . . . with your choice of one 
the ACROTIMER line is designed for 15-amp or two 10-amp switches. 


operation at 120 to 240 vac, 50 or 60 = §pRING-TYPE CLUTCH . . . means negligible wear; longer life; 


cycles. Adjustable time ranges from 6 “ 
seconds to 4 hours are available. For and faster, more positive engagement. 


complete information on these timers, 
write today for your free copy of the 
new Haydon ACROTIMER Catalog. 


DIVISION OF GENERAL 
TIME CORPORATION 


TIMING MOTORS 2533 EAST ELM STREET 
TIME AND TORQUE CONTROLS TORRINGTON, CONNECTICUT 





Rapid, precise | 
emf measurements 
with this L&N 


Type K-3 Universal 
Potentiometer 


ener Ee 





1 0-2 


Emf’s read as digits plus scale value 


Fast, accurate d-c voltage measure- 
ments free of effects of static, 
humidity and leakage are made 
with L&N’s Type K-3 Universal 
Potentiometer. In calibrating d-c 
wattmeters or voltmeters, checking 
thermocouples, etc., measurements 
are speeded as emf’s are read di- 
rectly as a single row of digits plus 
a scale value. 


Ranges—High: 0 to 1.611 v. Medium: 
0 to 0.1611 v. Low: 0 to 0.01611 v. 


Limits of Error—Standardized and read 
on range in use: High range: +(0.01% 
+ 20 wv). Medium range: +(0.015% 
+ 2 uv). Low range: +(0.015% + 0.5uv). 


Internal Resistance—Changes from 
about 180 £4 at full scale to about 110 
&3 at zero setting. 


Galvanometer Sensitivity Keys—Four 
tap keys provide sensitivities of approx. 
1, 1/20, 1/400 and 1/10,000. Fifth key 
for reversal of connections. 

Standard Cell Dial—1.0174 to 1.0205 v. 


Case—Aluminum, 1914” long x 12%” 
wide x 534” high to top of panel. 

Price—$730.00: f.o.b. Phila. or North 
Wales, Pa., (subject to change without 
notice). Specify List No. 7553 when or- 
dering from Leeds & Northrup Company, 
4920 Stenton Ave., Phila. 44, Pa. 


SEEDS IN) NORTHRUP | 


instruments ii Automatic Controls « Furnaces 
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strength is 23,000 psi, tensile strength 
11,000 psi. Electric strength is 650 
volts per mil, dielectric constant is 34 
at 1 mc. Material can be cold punched. 
Cincinnati Milling Machine Co., Cin- 
cinnati 9, Ohio. 
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DIE-CAST WING NUT 

Capped washer-base nut is available 
in 6-32, 8-32, 10-24, 10-32, and 14-20 
thread sizes. Threads meet unified 
thread specifications, are Class 2B. Ma- 


terial is zinc alloy, will not “freeze” 
on steel, aluminum or brass screws. 
Height is 34 in.; wing spread is % 
in. max. Gries Reproducer Corp., 400 
Beechwood Ave., New Rochelle, N. Y. 
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HEAT-SHRINKABLE TUBING 


Flame-retardant tubing shrinks to form 
tight mechanical bond over cabling fol- 
lowing application of heat at tempera- 
ture of 135 C. Linear shrinkage is less 


than 10 per cent, standard lengths are 
9 ft. Material is modified polyolefin, 
has high electric strength, is resistant 
to fungus growth and moisture absorp- 
tion. Colors are black, white, red or 
yellow. Alpha Wire Corp., 200 Varick 
St., New York 14. 
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SILICON SOLAR CELL 


Solar cells, Type N120GG-10, offer elec- 
trical conversion efficiency of better than 


10 per cent. Cells are made by forming 
layer of boron diffused p-type material 
on n-type substrate. Hoffman Elec- 
tronics, 1001 No. Arden Drive, El 
Monte, Calif. 
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FOUR-LAYER TRANSISTOR 


Germanium “Dynaquad” transistor is 
a three-terminal p-n-p-n structure in 
a TO-5 case. Unit switches in mega- 
cycle range; rise time is 0.1 psec; cap- 


7S 
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able of providing output voltage swing 
of 35 volts. Types are 2N1966, 2N1967 
and 2N1968, for use where digital tech- 
niques are employed. Tung-Sol Electric 
Inc., 1 Summer Ave., Newark 4, N. J. 
Circle 512 on Inquiry Card 


CERAMIC I-F FILTERS 


Filters are for use in transistor or 
vacuum-tube circuits, operate at 455 
ke; other center frequencies available; 
bandwidth from 1 to 20 per cent of 


center frequency. Permanently-tuned, 
stability is 0.1 per cent from 25 to 
80 C. Power loss is 1 db, no spurious 
response within an octave. Units with- 
stand 100-g shock. Fabricated from 
modified zirconate compound. Leads 
may be radial for printed-circuits. U. S. 
Sonics Corp., 63 Rogers St., Cambridge 
42, Mass. 
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ADJUSTABLE MOTOR BASES 


Series of tension-controlling bases with 
movable carriages eliminates excessive 
wear on belts and bearings by provid- 
ing proper belt tension. Available are 
standard and vertical types for 19 
NEMA frame sizes from 56 to 326-U. 


For larger motors, carriage rides on 
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New! Sylvania CT 4251 


Hirst, 


Sylvania introduces the new CT4251 .. . opening a dramatic 
new approach to the design of very compact, low-cost count- 
ing equipment in the 0-SOKC frequency range. 


Utilizing a new dome-shaped T-9 bulb evacuated from the 
base, Sylvania CT4251 offers significant reductions in seated 
height. CT4251 features 10 output cathodes, offering the ver- 
satility and advantages of tube types previously available 
only in the T-11 bulb. Examples: electrical information can 
be fed from all 10 cathodes, enabling preselection of a count 
from 0-9; the diameter of the ring of cathodes is identical 
with that of types in the T-11 outline, providing excellent 
visibility of readout information. 


Sylvania CT4251 is the lowest cost cold cathode Decade 
Counter Tube available. Combining electrical and visual 
readout functions, it offers extensive economies in circuitry 
and associated components. Sockets, too, for its 13-pin 


Illustration compares size advantage of 
Sylvania CT4251 to type in T-11 outline 


circle are as much as one-half the cost of sockets normally 
required for T-11 types. In addition, this new 13-pin circle 
makes it possible for Sylvania CT4251 to be designed into 
equipment using transistorized and printed circuit techniques. 


Tests to date of Sylvania CT4251 indicate superior quality 
performance even under stand-by operation for 500 hours. 


Your Sylvania Sales Engineer will be pleased to tell you 
more. Contact him or write Electronic Tubes Division, 
Sylvania Electric Products Inc., Dept. P 28, 1100 Main 
St., Buffalo 9, N.Y. 


Min. Double 
> iy Vortage Amplitude 
Supp 

de) v) 


Total Anode 
Current (mA) 


an Pulse Width 
e 
yp (usec) 


CT4251 0.65 0.8 400 -70 4 
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SYLVANIA 
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NEW 


Stromberg- 
Carlson 
lightweight 
telephone 
handsets 


... for a wide range of appli- 
cations such as dictating sys- 
tems, mobile radio, carrier 
and microwave. 


These new lightweight Stromberg-Carl- 
son handsets, No. 33 and No. 35, in- 
corporate push-to-talk switches, broad- 
ening the range of their applications. 
Both feature high-gain, high-efficiency 
transmitter and receiver. 

The No. 33 model is furnished with 
a bar-type switch, located on the un- 
derside of the handle. 

The No. 35 handset is furnished with 
a button switch on the side of the 
handie near the receiver end. Also 
available with both button and bar 
switches. 

For technical details and ordering 
information, contact any of these sales 
offices: Atlanta—750 Ponce de Leon 
Place, N.E.; Chicago—564 W. Adams 
Street; Kansas City (Mo.)—2017 Grand 
Avenue; Rochester—1040 University 
Ave.; San Francisco—1805 Rollins Rd. 


GENERAL DYNAMICS 
/€LECTRONICS 
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linear ball bearings that extend length 
of carriage. Manheim Mfg. & Belting 
Co., Manheim, Pa. 
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SNAP-ACTION SWITCH 


Line of switches includes basic SPDT 
switch with series of lever-type actua- 
tors and toggle- or pushbutton-operated 
assemblies. Rated at 5.0 amp at 125- 
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250 volts a-c, 4.0 amp at 30 volts d-c. 
Weighs less than 0.08 oz. Case is high- 
impact plastic, with terminals molded 
in position. Fansteel Metallurgical 
Corp., No. Chicago, Il. 
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PLUG-IN RELAY 


Model 3ARR12 two-pin current relay 
is for use with glass terminal clusters 
on hermetic compressor shells. Term- 
inal cover has built-in arc barriers; 
cover is made of high-temperature, 


heat-resistant phenolic plastic. Plug-in 
head is nylon reinforced with glass 
fiber. Also supplied with three-pin head 
for special applications. Appliance 
Control Dept., General Electric Co., 
Schenectady 5, N. Y. 
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PRINTED-CIRCUIT 
LAMINATE 


Copper-clad epoxy-paper-base laminate, 
Grade EP-492-1, offers flexural strength 
of 25,000 psi lengthwise, 23,000 psi 
crosswise. Dissipation factor at 1 mc 
is 0.031; insulation resistance is 190,- 
000 megohms. Peel strength is 12 lb 








DELCO 
SEMICONDUCTORS 
NOW AVAILABLE AT 

THESE DISTRIBUTORS: 


New York: 
HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 
U 2-1500 


San Francisco: 
SCHAD ELECTRONIC SUPPLY, INC. 
499 South Market St., San Jose 13, Calif. 
CY 8-0511 


Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 
12530 Hamilton Ave., Detroit 3, Michigan 
TU 3-1500 


Boston: 
GREENE-SHAW DISTRIBUTING CO. 
341 Watertown St., Newton 58, Mass. 
WO 9-8900 


Philadelphia: 
ALMO RADIO COMPANY 


913 Arch St., Philadelphia, Pennsylvania 
WA 2-5918 


Baltimore: 
RADIO ELECTRIC SERVICE 
5 North Howard St., Baltimore, Maryland 
LE 9-3835 


Seattle: 
C&G ELECTRONICS COMPANY 
2221 Third Avenue, Seattle 1, Washington 
MA 4-4354 


Chicago: 
MERQUIP ELECTRONICS, INC. 


5904 West Roosevelt, Chicago, Illinois 
AU 7-6274 


Los Angeles: 
RADIO PRODUCTS SALES, INC. 
15¢* South Hill St., Los Angeles 15, Calif. 
RI 8-1271 


Minneapolis: 
GEORGE SPENCER, INC. 
5305 Cedar Lake Rd., Minneapolis 16, Minn. 
LI 5-8811 


Birmingham: 


| FORBES DISTRIBUTING CO., INC. 


2610 Third Ave. S., Birmingham 5, Ala. 
L 1-4104 
West Palm Beach: 
GODDARD, INC. 

1309-11 N. Dixie, West Palm Beach, Florida 
TE 3-5701 or WX-9000 
Phoenix: 
ASTRONICS, INC. 

9310 North Central, Phoenix 20, Arizona 
944-1551 
Richmond: 

MERIDIAN ELECTRONICS, INC. 
1001 W. Broad St., Richmond 20, Virginia 
EL 5-2834 
Cincinnati: 

UNITED RADIO, INC. 

1314 Vine Street, Cincinnati 10, Ohio 
CH 1-6530 


Ask for a complete catalog 


=LCO 
BIO 


ELECTRO-TECHNOLOGY 





TAKE A SECOND LOOK 


IT’S THE 2N174—PART OF DELCO RADIO'S POWER TRANSISTOR FAMILY WHICH HAS 
PROVED ITS STUFF FOR YEARS IN HUNDREDS OF MILITARY AND INDUSTRIAL APPLICA- 

TIONS: MISSILES, COMMUNICATIONS, DATA PROCESSING, AND ULTRASONICS, TO NAME A FEW. 

THIS MULTI-PURPOSE PNP GERMANIUM POWER TRANSISTOR HAS THE HIGH PERFORMANCE AND 

VERSATILITY TO MEET OR EXCEED THE MOST RIGID ELECTRICAL AND ENVIRONMENTAL 

REQUIREMENTS. @€ DESIGNED FOR GENERAL USE WITH 28-VOLT POWER SUPPLIES, THE 2N174 

MAY ALSO BE USED WITH 12 VOLTS WHERE HIGHER RELIABILITY IS DESIRED. MAXIMUM 

EMITTER CURRENT—15 AMPERES, MAXIMUM COLLECTOR DIODE RATING—80 VOLTS, THERMAL 
RESISTANCE—BELOW .6°C/W AND MAXIMUM POWER DISSIPATION—50 WATTS AT 71°C, MOUNTING BASE TEM- 
PERATURE. THE 2N174'S LOW SATURATION RESISTANCE PROVIDES HIGH EFFICIENCY IN SWITCHING OPERA- 

TIONS. €@ LIKE ALL DELCO TRANSISTORS, EVERY 2N174 MUST PASS AT LEAST A DOZEN ELECTRICAL 

AND ENVIRONMENTAL TESTS—BEFORE AND AFTER AGING—BEFORE IT LEAVES DELCO RADIO'S 

LABORATORIES. THIS 200 PERCENT TESTING, COMBINED WITH FIVE YEARS OF REFINEMENTS IN 

MASS PRODUCTION, MEANS CONSISTENT UNIFORMITY IN THE PRODUCT...AT A LOW PRICE. 

@ THE 2N174 IS JUST ONE OF MANY DEPENDABLE TRANSISTORS PRODUCED BY DELCO RADIO TO 

SUPPLY ALL YOUR TRANSISTOR NEEDS. FOR MORE DETAILS OR APPLICATIONS ASSISTANCE ON 

THE 2N174 OR OTHER DELCO TRANSISTORS, CONTACT YOUR NEAREST DELCO RADIO SALES OFFICE. 


Union, New Jersey Santa Monica, California Chicago, Illinois Detroit, Michigan " .LCO 
324 Chestnut Street 726 Santa Monica Blvd. 5750 West 51st Street 57 Harper Avenue EPENDADILI 
MUrdock 7-3770 UPton 0-8807 POrtsmouth 7-3500 TRinity 3-6560 D | O 


ELIABILITY 


DIVISION OF GENERAL MOTORS ¢ KOKOMO, INDIANA 
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per in. for 2-oz cladding; dip solder 
resistance at 500 F is 15 sec. National 
Vulcanized Fibre Co., 1061 Beech St., 
Wilmington 99, Del. 

Circle 517 on Inquiry Card 


SOLENOID SELECTOR SWITCH 


wage nen Hermetically sealed switch meets MIL- 
6-60 volts S-3786, withstands vibration to 2000 cps 


. P i at 10 g. Device is 12-position rotary 
P ® 
DIALCO Tele-Strip No. TS 4220. | FE L t «§ r i i S 
Accommodates 20 DIALCO Lens 


switch coupled to 28-volt d-c rotary 
Cap Assemblies (Series 402-). (MULTIPLE LAMP INDICATORS) 
Comes or dome tons, 6 coters. For switchboards and other applications 
requiring multiple indication with T—2 lamps. 


DIALCO Tele-Strips are available in several styles, and in 
sizes to accommodate from 2 to 20 Lampholders per 
strip. Choice of Lens Caps and Colors, or less lens caps 
for use with designation cards. Also: Tele-Strips made to 
specifications. Submit problem for recommendations. 


(Back mounting, in i Ks . 
9/16” clearance hole) I N D I CATO rR L : G K TS solenoid; with 28-pin plug-in or hook 
No. 135-428-1431 FOR WARNING, SIGNAL AND READOUT APPLICATIONS header for soldering. Operating tem- 


Hei} ( Two complete Series: For mounting in 9/16” and 11/16” perature range is —65 to +85 C. Stator 


ISTHE ; / ° ° ° . . 
ree clearance holes. Wide choice of lens styles and colors. insulation is glass melamine, silver 
Yl ; All assemblies are available complete with lamp. contacts are rated at 1 amp, 28 volts 


(Front mounting, in Samples on Request at Once — No Charge d-c. Oak Mfg. Co., Crystal Lake, Ill. 
11/16” clearance hole) Circle 518 on Inquiry Card 


GENERAL-PURPOSE RELAYS 


Forem r of Pilot Lights 
r al Series 105G relays incorporate gasket 
PILOT LIGHTS See seals to minimize locator key breakage 
“The Eyes of . CORPORATION and reinsertion problems during trouble 


Your Equipment” 44 STEWART AVENUE, BROOKLYN 37, N.Y. « HYacinth 7.7600 | Shooting: Units are SPDT, both 5- and 
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No. 70428-XP10-1131 


For complete data, request 8-page Catalogue L-164. 
most Manutacture 


Tt ee 
@) S : ¥ oO <- ; 10-amp contact ratings. Voltages are 6 


to 110 volts d-c, 6 to 230 volts a-c, and 
a" Cc | rN eC 2.5-k to 10-k plate circuit relays. Mil- 
waukee Relays, Inc., P.O. Box 3175, 
rf a Milwaukee 18, Wis. 
Circle 519 on Inquiry Card 


ca PLASTIC TUBING 


Try this simple test. Tie a piece of Gudelace around a pencil in a half hitch and pull 

one end. Gudelace’s flat, nonskid surface grips the pencil—no need for an extra finger‘ Two grades of tubing, HY-370, paper 

to hold Gudelace in place while the knot is tied! base, and HY-371, cloth base, soften 
| when heated to 150 C, allowing per- 

manent’ configuration. Compressive 


strength is 18,500 psi for HY-370, 23,- 


Gudelace makes lacing easier and faster, with no cut insulation, or fingers—no slips 
or rejects—and that’s real economy. Gudelace is the Original flat lacing tape. It’s 
engineered to stay flat, distributing stress evenly over a wide area. The unique nonskid 
surface eliminates the too-tight pull that causes strangulation and cold flow. Gudelace 
is made of sturdy nylon mesh, combined with special microcrystalline wax, for out- 
standing strength, toughness, and stability. 


Write for a free sample and test it yourself. See how Gudelace takes the slips—and 
the problems—out of lacing. 


GUDEBROD BROS. SILK CO., INC. 


Electronic Division Executive Offices 
225 West 34th Street 12 South 12th Street 


New York 1, N.Y. Philadelphia 7, Pa. 
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Again — you get the practical answer from Cramer 


NEW ELECTRONIC TIMER 


MEETS INDUSTRY’S NEED FOR HIGH PERFORMANCE 
WITH COST SAVINGS YOU’LL APPRECIATE 


Here is big news, good news if you must meet tight specs... 
and do it on a tight budget. This radically new Cramer 940 
electronic timer gives you the high performance you want, and 
gives it to you without needless over-design. Every dollar you 
pay for this timer contributes to usable performance. 


Check what you get... you'll see advantages offered by no 
other electronic timer. 


SOLID STATE? The Cramer 940 is fully transistorized. No warm- 
up time, takes bumps and shakes without a whimper. 


VERY SHORT INTERVALS? This one has full-scale overlapping 
ranges of 0.1, 1, 10 and 100 seconds. 


REALLY ACCURATE? You can control a 0.005 second interval with 
repeat accuracy of 1 millisecond. And there’s no recycling 
effect. 


HIGH LOAD CAPACITY? The 940 coolly bosses welders, induction 
heaters, other heavy-duty equipment. 


SERVICE IT ON THE JOB! 


Plug-in design lets your 
own service people replace 
the load relay in seconds. 


SEPTEMBER 1961 


VERSATILE? You have eight external load connections, for SPST 
or SPDT hook-up of two independent circuits. 


REMOTE CONTROL? Push button or toggle switch can be placed 
at a distance ... the timing adjustment too, if you wish. 


LONG Lire? Over 40 million cycles for the timing circuit, 10 mil- 
lion for the load relay. 


ECONOMICAL? Here’s a design with its feet on the ground... 
engineered straight through with a cost-saving efficiency that 
will surprise you. 


Models are available for duty as interval timers, time delay 
relays, or pulse generating timers. Compact, accurate, endlessly 
reliable, here is the right timing control for dielectric and 
induction heaters, molding machines, presses, vulcanizers, 
welders, X-ray equipment, packaging machines, machine tools, 
any application where short intervals must be controlled 
accurately. WRITE for the detailed Technical Bulletin PB-940. 


Division + Centerbrook. Connecticut 


GIANNINI CONTROLS CORPORATION 


INTERVAL TIMERS CYCLING TIMERS TIME DELAY RELAYS 
HERMETICALLY SEALED TIMERS + TIME TOTALIZERS + TIMING MOTORS 
Sales Engineering Offices — Boston, New York, Chicago 
Los Angeles. Sales Representatives in ali Major Cities 
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fractional 
MMol0n norsepower Motors 
CUSTOM MANUFACTURED TO YOUR SPECIFICATIONS 
Insure Better Product Performance 


TYPE YGM 
HEAVY DUTY 
GEAR MOTOR 


TYPE WGM 
WORM REDUCTION 
GEAR MOTOR 


TYPE ZGM TYPE ZGM 
CLUTCH GEAR MOTOR CLUTCH GEAR MOTOR 
Short Mounting Long Mounting 


TYPE ZMO TYPE SMO TYPE HGM 
SKELETON MINIATURE SKELETON MOTOR HELICAL GEAR MOTOR 
MOTOR Available with Gear Box Short Mounting 


+ * i 
; ? 
i 


TYPE HGM 
HELICAL GEAR MOTOR 
Long Mounting 


TYPE QMO TYPE QAM 
REVERSIBLE REVERSIBLE GEAR MOTOR 
SKELETON MOTOR Totally Enclosed 


TYPE ZGMB 
GEAR MOTOR 
With Solenoid Brake 


TYPE QGM 
REVERSIBLE 
GEAR MOTOR 


Cost-Saving Mounting Accommodations for Easy Installation 


From 1/500 to 1/40 hp., Molon offers a wide range of 
low-cost fhp motors, standard or special . . . skeleton 
type or gearmotors. Built-in mounting features cut in- 
stallation costs. Fast deliveries. Simply send your specs 
for our recommendations. No obligation. Write today. 


Molon Motor & Coil Corp. 


3737 industrial Avenue e¢ Rolling Meadows, Illinois 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 


Circle 215 on Inquiry Card 


300 psi for HY-371. Water absorption 
is 2.1 and 0.8 per cent, respectively. 
ID ranges from ¥ to 1 in.; wall thick- 
ness, from Ye to 46 in. Micarta Div., 
Westinghouse Electric Corp., Hampton, 
He om 
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MINIATURE-PITCH 
CHAIN AND SPROCKETS 


Line of precision chain and sprockets 
is supplied in Type 18-8, non-magnetic, 
stainless steel. Pitch is 0.1475 in., in 
lengths ranging from 5.900 to 57.525 
in. Pin-type hub sprockets are for ¥, 


%6 and 4 in. shaft sizes; hubless 
sprockets have %@-in. bore. Sprocket 
material is stainless steel, aluminum, 
linen phenolic or nylon. PIC Design 
Corp., 477 Atlantic Ave., E. Rockaway, 
N. Y. 

Circle 521 on Inquiry Card 
ANALOG 
MULTIPLIER-DIVIDER 
Solid-state unit MD-101 has accuracy 
better than 0.1 per cent, replaces in- 


strument servo in analog computation. 
Executes operation D = AB/C. Unit 


; “y 


is suitable for use as inverter or con- 
verter. Potted plug-in can measures 
2% x 214 and 234 in. Output is d-c, 
free of ripple. Elasco, Inc., 5 Prescott 
St., Roxbury 19, Mass. 
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CHEMICAL-RESISTANT 
HANDLE ASSEMBLY 


Polypropylene handle is suitable for 
portable electronic equipment weighing 
up to 75 lb. Fastens with steel bracket 
riveted or screwed to case. Finish is 
matte, in choice of four colors. Cover 
cap, which snaps over bracket to hide 
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enh 


superior latching 


«B relay 


Cd 


This DPDT, permanent magnet, latching relay is superior on 
these counts: (1) shorter height for maximum compactness 
between stacked circuit boards; (2) greater sensitivity (80 milli- 
watts); (3) better vibration resistance (30 g to 2000 cps); (4) better 


shock resistance (100 g). 


Designated the FL Series, this relay meets all applicable sec- 
tions of MIL-R-5757D, MIL-R-6106C and ABMA #PD-R-187. 

Call your nearest P&B representative today for complete in- 
formation about the whole P&B family of microminiature relays. 


FL SERIES SPECIFICATIONS 


Contact Arrangement: DPDT 


Shock: 100 g for 11 milliseconds with no 
contact openings. 


Vibration: .195; max, excursions, 10 to 55 
cps. 30 g from 55 to 2000 cps, No contact 
openings. 


Linear Acceleration: 400 g minimum with 
no contact openings. 


THERE’S A Ps Bb 


CRYSTAL CASE RELAY 


Pull-in: 150 milliwatts, approx. (standard) 
at 25°C. coil temperature. 


80 milliwatts, approx. (sensitive) at 25°C. 
coil temperature 


Operate Time: 3 milliseconds max. at 
nominal voltage at 25°C. coil temperature 


Dimensions: .485" high, 1.100" long, .925° 
wide 


Printed circuit board using 4 FL 
relays was designed by the Martin 
Company, Orlando, as part of 
ground support equipment for a 
major missile project. 


qa 


FOR YOUR PROJECT SBS Tere Gore 


Non-latching or latching relays in 
conventional crystal cases with or 
without shoulder brackets, studs or 
mounting plates. All types of ter 
minals are available. 


Terminals spaced on .200” grids are 
available on all P&B microminiature 
relays. These carry a “G” suffix 
SCG and SLG) and are .890” high, 
.800” wide, .400” deep, max. 


Diode in relay case is used for arc suppres- 
sion in special applications. Four diodes form 
full-wave bridge rectifier for 400 cycles. 


These 3 relays are shown slightly reduced in size. 


P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTOR 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY . 
IN CANADA: POTTER & BRUMFIELD, 


PRINCETON, 
DIVISION OF AMF CANADA LIMITED, GUELPH, 


INDIANA 
ONTARIO 





screw heads, available in various 
finishes. Handle weighs 47 gm; entire 
assembly, 90 gm. Philadelphia Handle 
Co., 1643 Haddon Ave., Camden, 


N. J. 
Circle 523 on Inquiry Card 


SUBMINIATURE 
TIME-DELAY RELAYS 


Solid-state units are break-after-make 
or delay on make; delays are from 
0.025 to 180 sec as fixed- or variable- 
time assemblies. Devices are DPDT, 2.5 
amp resistive; input voltage, 22 to 30 


CUSTOM PACKAGING IS NO NOVELTY AT 
SPRAGUE’S SPECIAL PRODUCTS DIVISION 


* Sprague Electric Company's SPECIAL PRODUCTS DIVISION was 
founded originally to meet the electronic industry's needs for reliable 
packaged assemblies and subassemblies. 


* Sprague has developed and produced packages with countless 
variations in electrical characteristics and mechanical configura- 
tions, in all shapes and sizes, with and without semiconductors, as 
wiring boards, in encapsulated cases, in cast blocks, in hermetically- 
sealed packages. 


rr 
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volts d-c. Units meet MIL-E-5272C for 


environmental conditions; encapsulated 


¥* In Sprague packaged assemblies, internal components are con- 
nected by soldering, welding, wire-wrapping, or printed wiring 
techniques. 


¥%& Sprague versatility offers several basic types of construction, 
including molded cellular, high-density “cordwood”, and molded 
multiple-circuit construction, permitting densities in excess of 200,000 
standard components per cu. ft. 


¥& Many Sprague packages have been designed to meet or exceed 
the requirements of military specifications such as MIL-T-27A, 
MIL-STD-202, and MIL-T-21038. 


¥* For application engineering assistance without obligation, write 
or call the Special Products Division, Sprague Electric Company, 
307 Union Street, North Adams, Massachusetts. 


SPRAGUE COMPONENTS 


in military standard enclosures. Ac- 
cutronics, Inc., 403 No. Foothill Rd., 
Beverly Hills, Calif. 
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ROTARY SOLENOID 


Solenoid originally for use in missile 
and rocket applications is being sup- 
plied to specific requirements of mili- 
tary and commercial manufacturers. 
Solenoid action is pure rotation of 
balanced rotor. Requires no linkages to 


PACKAGED COMPONENT ASSEMBLIES CAPACITORS 

FUNCTIONAL DIGITAL CIRCUITS RESISTORS 

MAGNETIC COMPONENTS TRANSISTORS 

PULSE TRANSFORMERS INTERFERENCE FILTERS 
CERAMIC-BASE PRINTED NETWORKS PIEZOELECTRIC CERAMICS 
HIGH TEMPERATURE MAGNET WIRE PULSE-FORMING NETWORKS 


—. 


THE MARK OF RELIABILITY 





convert linear motion to rotary; inher- 
ently resistant to axial vibration and 
shock. Photograph illustrates solenoid 
rigged as stepping device. Singer- 
Bridgeport, 915 Pembroke St., Bridge- 


port 8, Conn. 
Circle 525 on Inquiry Card 


(Continued on page 216) 
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ASSURE LOW FAILURE RATE OF 
Only 1 Failure in 7 Unit-Hours for 0.1 MFD Capacitors* 


1%336,000 


Setting A New High Standard Of Performance! 


% life tests have proved that El-Menco SPECIFICATIONS 
Mylar-Paper Dipped Capacitors — tested TOLERANCES: 10% and 20%. Closer tolerances 


° . . a available on request. 
at 105°C with rated voltage applied INSULATION: Durez phenolic, epoxy vacuum 


have yielded a failure rate of only 1 per impregnated. 
1,433,600 unit-hours for 1.0 MFD. Since LEADS: No. 20 B & S$ (.032") annealed copper 


. ° clad steel wire crimped leads for printed circuit 
the number of unit-hours of these capaci- eeaihession. 


tors is inversely proportional to the capac- DIELECTRIC STRENGTH: 2 or 2% times rated 
. bs sl voltage, depending upon working voltage. 

tance, 0.1 MFD El Menco Mylar-Paper INSULATION RESISTANCE AT 25°C: For .OSMFD 
Dipped Capacitors will yield ONLY 1 or less, 100,000 megohms minimum. Greater 


FAILURE IN 14,336,000 UNIT-HOURS. than .OSMFD, 5000 megohm-microfarads. 


INSULATION RESISTANCE AT 105°C: For .OSMFD 
CAPACITANCE AND VOLTAGE CHART or less, 1400 megohms minimum. Greater than 


@ Five case sizes in working ee ond ranges: OSMFD, 70 megohm-microfarads 


POWER FACTOR AT 25 C: 1.0% maximum at 
1 KC 
These capacitors will exceed all the electrical 
requirements of E. |. A. specification RS-164 and 
Military specifications MIL-C-91B and MIL-C-25C. 
Write for Technical Brochure 


MINIMUM LIFE EXPECTANCY FOR **1.0 MFD *“MYLAR-PAPER DIPPED 
CAPACITORS AS A FUNCTION OF VOLTAGE & TEMPERATURE 


**THE NUMBER OF UNIT-HOURS IS INVERSELY |] 
PROPORTIONAL TO THE CAPACITY IN MFD 


iJ 


PERCENT OF 
RATED VOLTAGE 


t+—t+— 
ee Se eee 
;-——]BB= 105°C TEMPERATURE Fok 
RTE har 125°C TEMPERATURE} 


UNIT-HOURS FOR ONE FAILURE 


* Registered Trade Mark of DuPont Co. 


THE ELECTRO MOTIVE MFG. CO., INC. 


@ molded mica ® mica trimmer @ dipped mica @ silvered mica F'ms 
@ tubuler aper @ mylar-poper dipped @ ceramic feed-thius @ ceramic discs 
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for. “SSK... Business Machines « Computers 


Vending Controls « Model Trains—Planes ¢ Lighting Controls 
Automated Devices e Counting Devices e Sorting Devices 


@ Now—a radical departure in stepper design provides 
new opportunities for applying the stepping relay princi- 
ple over a far wider range than ever before. 


l. 


High Contact Rating. 3 amps resistive, 1 amp in- 
ductive (50% P.F.) made possible by contactor action, 
dual make-break, positive circuit isolation contact 
mechanism. A revolutionary development, the Roto- 
mite stepper eliminates wiping contacts, bridged cir- 
cuits and, in most applications, slave relays. 


. Continuous Duty—from 3 to 230 v.d.c. 
. Production line design —completely metal clad— 


needs no special protection on the line. Shrugs off 
impacts of careless handling and is also unaffected 
by dust or metal particles. 


. Continuous rotation—up to 30 steps per second. 


No reset in present production items which include: 
D.C. continuous duty; A.C. intermittent duty; A.C. 
continuous duty now in development stage. 


. Life: Well in excess of 1,000,000 operations. 
. Size: 2” long and 1%." in diameter. Weight: approx. 


4 oz. Cost? Incredibly low! Write on your business 
letterhead for quick sample service and detailed 
information about the ‘“‘Rotomite’’ midget stepper. 


GUARDIANW 


ELECTRIC 


MANUFACTURING COMPANY 


1552-K W. CARROLL AVE. 
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“Everything Under Control’ 
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CHASSIS-MOUNTED RESISTORS 


Series M resistors have wattage ratings 
of 14, 25 and 50 watts. Insulating ma- 
terial between winding and aluminum 
case rated for 350 F. Resistance 


change, 0.3 per cent after 1000-hr 
rated-load life. Units sealed against 
moisture and contaminants. Sage Elec- 
tronics Corp., Country Club Rd., E. 
Rochester, N. Y. 
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LINEAR ACTUATOR 


Model C402 actuator features position- 
ing accuracy repeatable to within 
+0.0025 in. without feedback and has 
rated thrust of 500 Ib tension and com- 


pression; thrust is 1000 lb. Unit has 
continuously adjustable stroke from 0 
to 6 in., with optional potentiometer 
for position indication. Capacitor start- 
and-run and reversible single-phase 
motor with integral brake. Electro- 
Mechanical Div., Lear, Inc., 110 Ionia 
Ave., N.W., Grand Rapids, Mich. 
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ELAPSED-TIME INDICATOR 


A-C or d-c meter totalizes time to 
100 hr; is accurate to 6 per cent over 
temperature range of —35 to +71 C. 
Hermetically sealed unit withstands vi- 
bration to 500 cps at 10 g. Voltage input 
is 115 volts a-c or 28 volts d-c, power 
consumption is 0.5 watt. Measures 
1 x %6 x 2%6 in. Housed in clear 
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Snap action contacts. 
SPNO or SPNC contacts 
available with isolated 


r common connection 
Entirely enclosed . 


RBM 


bi-metal thermal 
Time Delay Relays 


¥," quick-connect 


terminals for Ambient compensation 
heater and contacts 


1.312 1.812 


2,3 or 4 terminals 


The RBM Type 59 is a single pole control available for 
rugged a variety of applications requiring a fixed delay in opening 
or closing. Typical of these are air conditioning and re- 
mA = frigeration equipment, appliances, sequencing controls and 
h hl | bl thermal time delay applications. The two bi-metal strips, 
1g y re la e identical in composition, are mounted so that during am- 
bient temperature changes they compensate each other 

and maintain their relative position. 


low cost RATINGS 


Delay range—5 to 60 seconds 
Time tolerance—30 to 50% considering max. and min, voltage 


Type 59 relay cenumaseine volts—24, 115, or 230—50/60 cycle A.C. 


Contact rating—3 amps—115 volt 60 cycle A.C. inductive. (Can 
be furnished for larger loads. Consult factory with details of ap- 
plication). 

WRITE FOR BULLETIN TTD-59 


a RBM Controls Division 


LOGANSPORT, INDIANA 


Factories Located at North Manchester and Logansport, Indiana 
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NOW FROM 3M RESEARCH TWO NEW INSULATIONS 


NEW COATED GLASS INSULATION 
SURVIVES CLASS F PUNISHMENT | 


“Irvington’’ Brand Epoxy Coated Glass No. 2525 is an 
exceptional insulation for electrical equipment that oper- 
ates continuously at high temperatures. Retains its elec- 
tric strength and flexibility even after sustained aging at 
class F temperatures and is particularly suited for use in 
epoxy impregnated or cast units. 
Extremely flexible and snug conforming, No. 2525 
offers excellent compatibility with epoxy systems and 
will not contaminate or degrade transformer oils. In tape, sheet or roll form 
in thicknesses of .003”, .007” or .010”. 


NEW LAMINATED WEB/FILM/WEB 
INSULATION IS ADHESIVE FREE 


“Irvington’’ Brand Polyester Laminate No. 
2541, a unique 100% polyester web/film/ 
web construction, is formed without an adhe- 
sive. Eliminates the major cause of delamina- 
tion and allows better resin penetration. 

No. 2541 provides constant dielectric < 
strength under high humidity conditions and prevents moisture entrapment 
during encapsulation or dipping. Non-woven web is free of adhesives or con- 
taminants and completely compatible with varnishes or encapsulating resins 
for maximum absorptivity. Tough three layer construction withstands rough 
handling in cuffing or forming operations. Available in .007”, .010” and .015” 
thicknesses to meet all electrical and mechanical needs. For further informa- 
tion on these insulations write: 3M Company, 900 Bush Ave., St. Paul 6, 
Minn. Dept. ECC-91. 


“IRVINGTON 1S A REGISTERED TRADEMARK OF 3M CO., ST. PAUL 6, MINN. 


Irvington Division 
MMiianesora Miinine ano \fanvuracrunine 2 > 
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American Machine & 
261 Madison Ave., New 


plastic case. 

Foundry Co., 

York 16. 
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THERMOELECTRIC MODULES 


Modules are suitable for cooling or 
heating of electronic components. Avail- 
able in single- or multiple-couple 
modules, in encapsulated or open forms. 


Coefficient of performance is 0.0034 for 
p-type material, delta t is 72 C at 27 C. 
Sela Electronics Co., 545 West End 
Ave., New York 24. 
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TRANSISTOR HEAT SINKS 


Heat sinks 1106 and 1107 for TO-18 
packages are two-piece, stud-mounted 
units. Contact obtained by threaded nut 
which grips both sides of transistor 


weld flange. Type 1107 has Hardas- 
process anodized finish for 400-volt 
breakdown rating. Type 1106 has 
caustic etch finish for grounding to 
chassis. Thermolloy Co., 2130 Irving 
Blvd., Box 4341, Dallas 8, Texas. 
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ELECTRICAL CONNECTORS 


Connectors, designated 3300 Series, are 
rated at 750 volts at 10 amp in 15, 18, 
21, 24, 27, 20 and 33 contact configura- 
tions. Knife contacts in plugs are 
cadmium or silver-plated brass. Bodies 
are compression-molded phenolic, back- 
plates are XXXP laminated phenolic to 
NEMA standards. Connectors are inter- 


(Continued on page 221) 
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YOUR BEST BUY 

FOR APPEARANCE 

AND PERFORMANCE... 
WESTON 301 PANEL METERS 


Now...modern 32-inch meters 
with time-tested Weston movements 


You'll find new design advantages in the familiar, reliable 
Weston 301 panel instruments. Case and mechanism are 
redesigned for modern needs—more reliable than ever 
before —at no increase in cost! 


The exclusive Cormag® mechanism makes the 301 
immune to the effects of stray magnetic fields. Instruments 
can be mounted on magnetic or nonmagnetic panels, close to 
other instruments, without special adjustments. Choose 
between round or rectangular case, modernistically 

styled in phenolic plastic. 


Another design advantage... New 24-inch Weston panel 
instruments—the 201 series—are designed with matching 
cases and incorporate the same advanced features! 


For specifications...information...or the address of your 
nearest distributor, contact your local Weston representative, 
or write to: Daystrom, Incorporated, Weston Instruments 
Division, Newark 12, New Jersey. 

International Sales Division, 100 Empire Street, 

Newark 12, New Jersey. In Canada: Daystrom Ltd., 

840 Caledonia Rd., Toronto 19, Ontario. 


1m, 
| DAYSTROM , incorroratepd 


WESTON INSTRUMENTS DIVISION 


“Reliability by. “Design. 
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New SOLA "CVDR" d-c supply simplifies 
missile-age circuit design, reduces costs. 


It’s a natural for computers, communications equipment, and 
Similarly sophisticated electronic gear. Made for today's 
stringent operating parameters. Ends costly dependence on 
over-engineered d-c power sources. 


CVDR provides both line 
and load regulation without 
tubes or transistors. Line 
regulation +1%, for +15% 
line voltage changes; 1% 
load regulation from zero to 
full load; 1% peak to peak 
ripple. Fits 19" relay 
racks, and measures only 33" 
high. Custom configurations 
and power ratings available 
on special order. 


Line voltage stabilization is by means of the Sola "CV" 
self-regulating transformer. Load voltage stabilization is 
accomplished by the series "IX* voltage drop in the satu- 
rable reactor (see schematic). This voltage drop is con- 
trolled by the load current itself. 


CVDR is ready right now, off-the-shelf, in units rated 6- 
volts, 10-amps .. . and 12, 18 or 24 volts, 5-amps. For out- 
standing reliability in a-c and d-c power supplies tailored 
to every application, see your SOLA representative ... or 
write to address below. 


‘ 


SOLA ELECTRIC CO., 1717 Busse Road, Elk Grove 
Village, ili., HEmpstead 9-2800 


IN CANADA, Sola-Basic Products Ltd., 377 Evans Ave., _ 
Toronto 18, Ontario te 
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For all your a-c and d-c power 
supply requirements or 

special engineering, contact 
SOLA electric: 


© Constant voltage a-c ... 


Sola Type-CVN transformers as- 
sure stable output despite vary- 
ing line voltage . . . have nothing 
renewable to service or adjust. 


© Constant voltage 
sinusoidal a-c . . . 


CVS transformers provide regu- 
lation similar to CVN, plus sinu- 
soidal waveform. comparable to 
good commercial a-c. Ideal for 
control circuits and all harmon- 
ic-sensitive devices. 


@ Line-regulated d-c ... 


Sola CVDC d-c power supplies 
automatically compensate for 
Muctuating line voltage, are un- 
usually rugged.and trouble free. 
Choice includes fixed or adjust- 
able output. 


® Line- and load-regulated d-c... 


Another notable ‘‘first’’ in Sola’s 
missile-age family of compact, 
precision d-c supplies: Unique, 
CVQ shunt-type, transistorized 
voltage stabilization extends 
right to the last transient and 
ripple. 


@ Inquiries are invited on other 
electrical characteristics and 
mechanical arrangements, as 
well as for estimates and quota- 
tions. Contact your SOLA repre- 
sentative, or write direct. 
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changeable with C-J 300 Series. Poly- 
ethylene cap protects against moisture 
and dust, has good electric strength. 
Beauchaine and Sons, Inc., Lakeport, 
N. H. 
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MINIATURE PENTODE 


Type 7788 9-pin pentode incorporates 
two frame grids, attains transconduc- 
tance of 50,000 umhos; is for use in 
broadband amplifying circuits. Operat- 


ing current is 35 ma, average screen 
grid current is 5 ma. Figure of merit 
is 410 mc; tube is rated for 10,000 hr 
life. Amperex Electronic Corp., 230 
Duffy Ave., Hicksville, N. Y. 

Circle 532 on Inquiry Card 


MINIATURE GEARMOTOR 


Model PM-148 fhp motor replaces 
former Model C0843. Better perform- 
ance and longer life assured by addi- 
tional armature bearing. Motor is per- 
manent-magnet type for operation on 


d-c. Six models offered for input volt- 
ages of 6, 12, 24, 28, 32 or 48 volts d-c. 
Gear reduction permits output shaft 
speeds of 10 to 100 rpm, with max 
torque of 50 in.-oz. Size is 234 x 2 in. 
Carter Motor Co., 2711 W. George St., 
Chicago 18. 
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TRANSISTORIZED CHOPPER 


Unit performs as SPDT switch for ap- 
plications in servomechanisms, low-level 
voltage measurements, and telemetering. 
Internal drive incorporated to provide 
self-contained unit which can replace 
electromechanical units. Features small 
residual noise over operating tempera- 
ture limits, large dynamic signal range, 
and unlimited life. Encapsulated to 





Ui Cim ware 
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Performance, 
NaIrLUT LS 
and Low Cost 


This printed circuit device — a 
universal stabilized operational 
amplifier — has more perform- 
ance and reliability per dollar 
than any other amplifier avail- 
able today. This is why it is 
one of the most popular items 
in Philbrick’s complete line of 
operational amplifiers. 


LOOK AT ITS PERFORMANCE — 
A guaranteed minimum open- 
loop DC gain of 10 million, 
dropping off, 6 db per octave, 
to unity-gain at one megacycle. 
That is why we call it “uni- 
versal”. Drift, noise, and offset, 
together, are under 100 micro- 
volts, and its input current is 
less than 10°’ amps. The out- 
put will develop 8 milliamps 
within the useful range of 
+ 100 volts. 


LOOK AT ITS RELIABILITY — 
No need for statistical analysis, 
we will just boast that hardly 
a whisper has ever been heard 
from the users of over 10,000 
units sold in the past four years. 
The USA-3 is designed to pre- 
vent self-destruction even when 
its output is shorted, and it has 
no components which may give 
trouble — such as electrolytic 
capacitors or glow lamps. 


LOOK AT ITS COST, then look 
around you. You will not find 
an amplifier on the market with 


such performance $95 (1to9 


for the low price of * units) 


Write for complete information to: 


GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 


127 CLARENDON ST. BOSTON 16, MASS. 
COMMONWEALTH 6-5375, TWX; BS 1032, FAX; BSN 
REPRESENTATIVES IN PRINCIPAL CITIES 
EXPORT OFFICE; 240 W. 17TH ST., N.Y. 11, N.Y. 
TEL. CHELSEA 3-5200. CABLE: TRILRUSH 
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Any laminate job worth its 
“‘salt’’. . . deserves the “‘pep- 
per” of NORPLEX quality, ver- 
satility and. service. Whatever 
your industrial laminate require- 
ment may be . . . from flame retard- 
ancy, arc and high insulation resistance 
to hot and cold punching and mechanical 
uses .. . NORPLEX has either the standard 
grades (over 60) or the research and develop- 
ment facilities to serve you best. NORPLEX 
laminates conform to or exceed N.E.M.A. and 
MIL-P specifications. Write for our free brochure 
today . . . find out how NORPLEX “pepper” saves 
you time and money and delivers top quality. 


NORTHERN PLASTICS CORP. 
LA CROSSE17, WISCONSIN 
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meet MIL-E-5272. Telecomputing Corp.., 
915 No. Citrus Ave., Los Angeles 38. 
Circle 534 on Inquiry Card 


TANTALUM CAPACITORS 


L-type wet-anode capacitors have sin- 
tered slug housed in fine-silver case. 
Meet requirements of MIL-C-3965B 
Type CL-64 and CL-65. Case sizes are 


46 in. diam by 7% in. long, %2 by *%a, 
and 34 by 4% in. Capacitance range 
is 1.7 to 330 wf at working voltages 
from 4 to 125 volts; tolerances to +10 
per cent. ITT Components Div., 815 
San Antonio Rd., Palo Alto, Calif. 
Circle 535 on Inquiry Card 


SILICON ZENER DIODES 


Diffused-junction diodes, 50 watts, are 
EIA types 1N3305B through 1N3440B, 
cover 6.8- to 100-volt range. Standard 
tolerance is 5 per cent; cases are 
hermetically sealed; size is DO-5 with 


Ke rm 


S 


114¢-in. stud. Seal is glass-to-metal, 
resistance-welded; external surfaces are 
corrosion resistant. Dickson Electronics 
Corp., 248 Wells Fargo Ave., Scottsdale, 
Ariz. 
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SLIP RING ASSEMBLIES 


Line of TFE-fluorocarbon slip rings 
handles high voltages without arcing 
under extreme humidity. Offers high 
resistance between circuits over tem- 
perature range of —200 to -{-200 C. 
Epoxy is used in conjunction with TFE- 
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e NOW 500 WATTS TO 1,000 KVA. 
e ADAPTABLE TO ANY 
INDUSTRIAL ENGINE 
with SAE Bell Housing. 


@ Efficient—Compact — 
Accessible. 


@ Many Voltage Com- 
binations —720 t 
3 RPM. 60 cy- 
es; 400 cycles 
available. 
Long life is assured be- 
cause KATO Generator 
design and capacity 
allow for characterist- 
ics beyond normal re- 
quirements. 


500 KW 
GENERATOR 
Complete with all 


3 MOTOR Biting ‘your 
GENERATORS 


TO CHANGE FREQUENCY, 
VOLTAGE AND PHASE. 
Output frequencies either fixed or 


variable in various frequency ranges 
from 25 cycles up to 1200 cycles. 


ALSO HIGH FREQUENCY GENERATORS, 
D.C. GENERATORS, ROTARY CONVERTERS, 
WRITE FOR DETAILS! POWER CONVERTING SYSTEMS. 
128 Maxfleld Ave. 


KATO Segincering Gnpany MANKATO, MINN. 


Builders of Fine Rotating Electrical Machinery Since 1928! 


BRUSHLESS GENERATORS 
in some sizes. 


CSA Approved 
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National Electric is 
TMS CNR EN 
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National Electric VARNISHED CAMBRIC 


Reliably insulated... braid or lead covered, 
through 28,000 volts. 


for motor manufacturers + power supply to indus- 
trials and utilities - apparatus manufacturers. 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa. 


il 
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NATIONAL ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 
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RELAY| 
PROBLEMS? 
BRING 
THEM) 


A few varieties of Wheelock relays: 


GENERAL PURPOSE INDUSTRIAL SERIES 130, 
140. Extremely versatile with 20 ampere con- 


tacts. Wide variety of mountings and terminal | 
connections. Two-pole, double-throw. 20 million | 


operating life. Supplied with screw connections, 
quick-connect terminals or plug-in base with 


More than 40 years of 
relay experience — 
research, development, 
production — is ready 
to go to work for you 
on your relay 
applications. Wheelock 
produces a wide range 
of standard relay types 
- power and 
miniaturized, open 

and closed, plug-in and 
hermetically sealed, 
single and multiple 
pole, commercial and 
military. 


CK 


or without DPDT auxiliary contacts (5 amps. | 


rating). Dust cover optional. Meets ULL. 
requirements. 


TUBULAR SERIES 120. For commercial and mili- 


Size: 
3¥2”"L X 2”H X 2%” W 


tary use. SPDT 2 amp. contact. DC coil. De- @ 


signed for printed circuitry, clip mounting, a 
encapsulation, harness mounting. Hermetically 


sealed. Military version-high immunity to shock, 
vibration and temperature cycling. Dropout at 
up to 75 per cent of pull-in current. 1” x 


Yo” sizes available. Meets MIL-R-25018 and |) 


MIL-R-5757C. 

WIRE CONTACT, PLUG-IN SERIES 220, 221, 222. 
In 4, 6 and 12 pole models. Socket designed 
for quick taper pin connection. Long life: 400 
million operations at 3 amps. on contacts 
where load is not switched. These high speed 
units are precision made for all light-current 
switching uses. Rated at 0.5 amps. resistive at 
28 V DC and 115 V AC. Ideal for electronic 
circuits because of small size and low inertia. 
Coils: 6 to 115 V DC only. 


ee 


Size: 
1%” L X "Dia. 


Size: 
1%4"L X 142"H KX ¥e”"W 


10 AMPERE SERIES 200. Military. Resistant to 7 : 
shock, moisture, vibration, temperature to meet 


every challenge of space. Withstands shock and 
sustained acceleration at 50G, and vibration of 
30G up to 2000 cps. Tested life in excess of 
150,000 operations at 10 amps., 26.5 V DC, or 
115 V AC at 125°C. All welded. Hermetically 
sealed. Meets or exceeds MIL-R-25018 and 
MIL-R-5757C. 

GENERAL PURPOSE SERIES 10, 20. Multiple 
arm, up to 16 springs, superior shock and vi- 
bration resistance. As keying relay, it responds 
faithfully to DC impulses up to 50 per second. 
5 amp. contacts. Long life and high operating 
stability. Available hermetically sealed to meet 
military specs. 


7. s 
Size: 
1”L X 14%4”H X %”W 


Size: 
242"L X 176" H X1'%6"W 


Inquiries on your special relay problems are invited. Catalog litera- 
ture on the relays described here will be mailed on request. 


Telephone: CApital 2-6880 


TWX LG-BR 684-U 


SIGNALS 


oo LONG BRANCH, N. J. 
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5 Ways Better... 


GREATLY 
ENLARGED 
end of Varglas Sili- 
cone Rubber Tubing 
shows design that 
permits knotting, 
bending and twist- 
ing to meet extremes 
of temperature 
while retaining its 
dielectric strength. 


SILICONE RUBBER <2 
Tubing and Sleeving 


a 


4 
WON'T CRACK, PEEL « 
7 OR CRAZE 
GREATER FLEXIBILITY 
HIGH DIELECTRIC 
RETENTION. . 


; VIVID COLORS FOR 
& READY IDENTIFICATION 


CHEMICAL INERTNESS: 
Has good resistance to all oils, 


LONG LIFE CUTS 
REPLACEMENT COSTS 


— 
a“ 


THERMAL PROPERTIES: 
Heat aging: 1000 hrs. at 250° C 


without appreciable change in 
physical or dielectric properties. 


FLAMMABILITY: 


Self-extinguishing, when tested 
in accordance with ASTM and 
NEMA procedures. (NEMA Ac- 
ceptance Test). 


ABRASION RESISTANCE: 


Durable and extra tough. With- 
stands unusual rough handling 
at all times. 


alcohols, dilute acids and alka- 
lis. Fine water resistant qualities. 
FLEXIBILITY: 


Unaffected throughout life of 
Tubing. Stays flexible from 
minus 90° F. to plus 600° F. 


FUNGUS RESISTANCE: 


Inert. No fungus growth was 
visible at 40 x magnification 


after 28 days incubation under 


“ideal” surroundings. 


Twist, bend, wrap or knot it and this tubing remains 
pliable and efficient, even under the most severe 
operating conditions. Send for free samples today. 


VARFLEX SALES CO., INC. 
309 N. Jay St., Rome, N.Y. 


Please send me sample with Bulletin and Prices. 


SALES CO., INC. 


Lusulation }\ 


SPECIALISTS 
Rome, N. Y. 
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fluorocarbon. Electro-Tec Corp., 10 
Romanelli Ave., So. Hackensack, N. J. 
Circle 537 on Inquiry Card 


PRINTED-CIRCUIT-CARD 
ENCLOSURE 

“Varipak II” circuit-card housing holds 
cards and connectors in correct align- 
ment, is adaptable to most packaging 
programs. Guide plate is extruded alu- 
minum 6063-T6, connector panel is 14- 


gage aluminum 6061-T4. Guides are 
polycarbonate plastic with temperature 
rating of 280 F. Accommodates boards 
of Ye, 342 and \ in. thicknesses. Elco 
Corp., “M” St. below Erie Ave., Phila- 
delphia 24. 
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MULTI-CHANNEL 
COMMUTATOR 


Commutator MCA employs dry-reed 
contact actuated by _ball-bearing- 
mounted rotating magnets at speeds to 
30 rps. Torque to drive single-pole 
12-channel unit is 1 in.-gm. Configura- 


tions possible feature 12 to 100 chan- 
nels per deck, with or without drive 
motors. Contacts are rated for 1 billion 
operations. Hathaway Denver Div., 
Hathaway Instruments, Inc., 5800 E. 
Jewell Ave., Denver 22, Colo. 
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SEALED POLYSTYRENE 
CAPACITORS 


Line of capacitors covers capacitance 
range from 20 pf to 0.025 pf; voltages 
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looking for a small-scale switch to do a large-scale job 


SEPTEMBER 1961 


To the Engineer 


If you have to perform complex switching 
maneuvers, fast, and in small space, you'll 
go for AE’s Type 44 Rotary Stepping Switch. 


This mere handful of rugged switching 
accommodates up to six bank levels, with 10 
points plus home—will do the work normally 
assigned to whole banks of relays. 


The miniature Type 44, and its big brother, 
Type 45, are the only stepping switches with a 
positive-action, free-floating pawl. This unique 
design eliminates armature-stop and pawl-stop 
readjustment — prevents pawl wear-and-tear, 


breakage, and binding. The pawl locking teeth 
position the rotor automatically, making 
overthrow impossible. 

For data processing or high-speed control, 
AE’s new Type 40 is a truly “decimal” rotary 
stepping switch, with only ten positions 
instead of eleven. Featuring especially high 
dielectric molded banks, it is also available 
with Taper Tab terminals and hermetically 
sealed, if required. For full data write the 
Director, Control Equipment Sales, Auto- 
matic Electric, Northlake, Illinois. Ask for 
Circular 1698-J. 


AUTOMATIC ELECTRIC 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
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a mille metal 
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prevent downtime, save profits with 
DELIVERY YOU CAN COUNT ON 


When you order metal, you want it when it’s promised. 
Miller makes sure it’s there when you need it... by 
truck, train, or even plane, if necessary. We’re proud of 
our record—98.8% of our promises were kept in 1960, and 
we'll do even better this year. This personal concern is 
typical of the service every customer receives from Miller. 
None of us ever feel we’ve completed your order until your 
metal is in your plant, on your machines and satisfactory 
in every way. Whenever you need brass, bronze, or 
nickel-silver strip, copper or copper-alloy tube in special 
shapes and sizes call on the specialists at Miller . . . where 
you’re a name, not just a number on the job ticket. 


RCLLING MILL Tube Subsidiary 


DIVISION A. H. WELLS, INC. 


Meriden, Connecticut Waterbury, Connecticut 
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are 125 and 500 volts d-c. Leakage 
resistances are in excess of 500,000 
megohms per pf; tolerances are 2.5, 5, 
10, or 20 per cent. Units operate over 
temperature range of —10 to +-70 C. 
Centralab, Electronics Div., Globe- 
Union, Inc., 900 E. Keefe Ave., Mil- 
waukee 1, Wis. 
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SIZE 11 FHP MOTORS 


Line of 14 a-c motors operates on 60 or 
400 cycles, 115 or 208 volts. Types 
offered are induction, torque, or hys- 
teresis. Outputs range from 4-0 hp at 


900 rpm to 44 hp at 3300 rpm. Motor 
diameters measure 4°¢ in., lengths vary 
from 3146 to 6'%6 in. Ashland Electric 
Products, Inc., 32-02 Queens Blvd., 
Long Island City, N. Y. 
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ELECTRIC TIMERS 


Models EM-8 and EM-1 semi-automatic 
controllers shut off automatically after 
preset interval. Controls to eight circuits 
for any interval to 60 min. Devices are 
suitable for control of industrial proc- 


esses, electrical devices and _ baking 
ovens. Modification enables control of 
hydraulically-actuated remote valves. 
Febco, Inc., 1993 Blake Ave., Los An- 
geles 39. 
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(Continued on page 228) 


ELECTRO-TECHNOLOGY 





ARNOLD/TOROIDAL COIL WINDER 


sets up quickly...easy to operate... 
takes wide range of wire sizes 


LABORATORY USE 


@ Change wire and core size 
in 45 sec 


SPECIFICATIONS: 


Min. finished hole size: .18 in 
Max. finished toroid O.D.: 4.0 in 
Winding speed: 1500 turns/min 
Wire range: AWG 44 to AWG 26 
Dual, self-checking turns 
counting system 

Loading (wire length) counter 
Core range: 4” 1.D. to 4” 0.D 
to 144” high 


PRODUCTION USE 


@ 1500 turns per minute 
@ Insert core and load 
in 20 sec 


includes all rings, counters and accessories 


immediate delivery. literature on request 
ARNOLD MAGNETICS CORP. 


6050 W. Jefferson Blvd., Los Angeles 16, Calif 


VErmont 7-5313 
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Celebrating 
‘The First 25 Years... 


Fused with UV Caen 


And a planned future 
built on Reliability, Sta- 
bility, Dedicated Serv- 
ice and continued 
pride in every coil 
winding that bears 
the Dano 


trademark. 


THE DANO ELECTRIC COMPANY 


93 Main St. Winsted, Conn. 
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RELIABLE 
Laminated Plastics 
for Electrical 

& Electronic Parts 


An Example of 


Synthane You-shaped Versatility 


Here, from one reliable source, you can satisfy all 
your requirements for laminated plastic materials 
or fabricated parts. High temperature laminates, 
flame-retardant laminates, copper-clad laminates 
as well as all the widely-accepted electrical grades. 
Complete facilities for quality-controlling desired 
properties and for environmental testing. For 
parts fabricated to your specifications we are 
equipped with a complete tool room for special- 
ized dies and fixtures. 


You-shaped Versatility makes Synthane a Beller Buy in Laminates. 


Synthane Corporation,17 River Rd., Oaks, Pa 
Gentlemen: 


Please send me information relating to Synthane as a source 
for laminated plastic materials and parts. 


Name 


Address 


CN iccccinitestisisiganinemaiinanighingeinnnac nel State 


De eee cee cee ee eee ee os ee —_————— a 
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NEW WARD LEONARD, 4-POLE RELAY 


more compact, more economical than ever 
... for relay circuits up to 10 amps 


Here’s a new 4-pole, double-throw, power-handling relay that measures only 
2-5/8” W x 3-1/8” H x 1-29/32” D and weighs only 11 ounces .. . only slightly 
larger than previous 3-pole relays, yet its contacts are rated up to 10 amps, 
non-inductive. 

It’s the new W/L NYLINE Bulletin 110 relay—another Ward Leonard relay 
you can stake your reputation on. 

Look at these outstanding design features for long trouble-free life: Simpli- 
fied nylon contact finger support to insure full electrical spacing and simplified 
contact placement .. . self-cleaning, self-aligning, silver contacts—for positive 
make and break with superior wiping action and follow .. . flexible silicone 
insulated leads connecting leaf-spring contact fingers and terminals .. . and 
many other big features. 

You’ll find complete information on the new 4-pole NYLINE relay (plus 2- and 
3-pole models) in Ward Leonard Bulletin 110. Write for your copy and a list 
of stocking distributors today. Ward Leonard Electric Co., 34 South Street, 
Mount Vernon, New York. (In Canada: Ward Leonard of Canada, Ltd., Toronto.) 

1.8 


ENGINEERING DATA—4-POLE DT RELAY 

CONTACT RATINGS 
[ DC. Amps.’ A.C. Amps.* 
Volts NO. NC. NO | NC 
0-24 10 10 10 10 
25-125 1 ] 10 10 
126-250 10 10 


COIL VOLTAGES: 6, 8, 10, 12, 24, 32, 48, 115, 230 
AVG. COIL WATTS: 3.5 D.C.; 5.0 AC 
PICK-UP: 85% or less of rated coil voltage. 
WEIGHT: 11 ounces. 

| DIMENSIONS: 2-5/8” W x 3-1/8” H x 1-29/32” D. 


*Ratings are non-inductive. 
RESULT-ENGINEERED CONTROLS 


WARD LEONARD 


ELECTRIC CO. 


RESISTORS « RHEOSTATS « RELAYS e CONTROLS « DIMMERS 
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WATER-TIGHT 
INDICATOR LIGHTS 


Series 177-8430-971 light mounts {ivi 
front of panel through %2 in. clearance 
hole. Overall length is 1%6 in., accom- 
modates T-134 flanged-base incandes- 


cent lamps ranging from 1.3 to 28 volts. 
Incorporates anti-rotation feature, meets 
applicable military specifications. Dia- 
light Corp., 60 Stewart Ave., Brooklyn 
37, N. Y. 

Circle 543 on Inquiry Card 
SILICON MICROLOGIC 
CIRCUITS 
Basic size for four-, six- or eight-diode 
configuration is 0.030 x 0.125 x 0.250 


in. All individual diodes meet or ex- 
ceed requirements of MIL-S-19500B 


and MIL-STD202 and entire logi 


block can be subjected to all military 


environmental testing. MicroSemicon- 
ductor Corp.. 11250 Playa Court, Culver 
City, Calif. 

Circle 544 on Inquiry Card 


SIZE 10 INDUCTION MOTORS 


Line of 3%,-in. diam motors is for pro- 
duction-control machinery, fans and 
blowers, and communication devices. In- 
corporates solid base, 4-boss end mount- 


ing. Two-pole types offer outputs to 
¥g hp; 4-pole units to 4% hp. Class B 
insulation is utilized for stator core 
insulation. Specialty Motor Dept., Gen- 
eral Electric Co., Schenectady 5, N. Y. 

Circle 545 on Inquiry Card 


GLASS-TO-METAL SEAL 


High-temperature seal made with fer 
rous alloys or tungsten and molybdenum 
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National Electric is 
MRS 11 ED 
to put power in place 


National Electric NEPCOLOK CABLE 


Fast, economical installation . . . varnished cambric, rubber, 
silicone rubber or asbestos-varnished-cambric insulation .. . 
with galvanized steel, aluminum or bronze interlocked armor. 


for power supply to commercial and industrial buildings and 
utilities. Indoors or outdoors. . . up to 15,000 volts. 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa 


NATIONAL ELECTRIC DIVISION | 
H. K. PORTER COMPANY, INC. 
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DYKEM 
$0441 


Stops ye 7 a Popular 

‘ ~~ 8-oz. can 
Bakelite cap holding = 
soft-hair brush for - => 
plying right at bench: = 
metal surface ready for = 

layout in a few minutes 

The dark blue background = 
makes the scribed lines = 
show up in sharp relief, 
vents metal glare. In- = 
creases efficiency and = 
accuracy. 


Write for sample 
on company letterhead 
Y 
2303F North 11th St. « St. Lovis 6, Mo 


making Dies and hk S 


on Inquiry Card 


Best electrical resistance yet | 
for Capacitors © Resistors 
Pyrometers @ Appliances 


n ror eae 
\ “S. 7 . . wherever high insulation values are desired , use 

- Or} \ Sauereisen Cement No. 8. Will not corrode re- 
7 sistance wire, withstands temperatures to 2800°F, 

7 self-hardening, quick-setting. Ask for Data Sheets. 


Sauereisen Cements Co., Pittsburgh 15, Pa. 


SPECIAL TRIAL ORDER J SO 


for making tests under your own conditions Galion Can 


SAUEREISEN “swe?” No.8 
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TERMINALS 


Greater 


Holding Power! 


‘ 


Tortie 
More Uniform 


Automatic Assembly! 


Careful engineering and strict quality controls give 
ELECTRIX Terminals greater holding power in use. 


ELECTRIX Terminals meet and surpass rigid elec- 
trical and physical characteristic tests. Tolerances, 
especially at critical crimping points, are precisely 
uniform. Supplied in continuous strip form for use 
in dependable Electrix Automatic Attaching 
Machines, Electrix Terminals offer easier, more 


economical assembly. 


Electrix competitive prices 
save you money. 


Extremely wide range of types, sizes and finishes. 


Electrix 
Corporation 


ASHTON 


RHODE ISLAND 
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Tae 
VTA. a PRS «1d aeration 


APPLIED IN SECONDS Magnetic Shielding Foils 


For Any Size or Shape Components 


Netic and Co-Netic foils are universally used as an evaluation tool; ultimately, as a production 
solution. Available in continuous lengths on rolls up to 15” wide . . . for human production line 
or to fit automated existing reels of your tape serving machinery. Furnished in final annealed 
state ready for your operation. 


HOW YOU SAVE SPACE, WEIGHT, TIME, MONEY 


Minimum weight and displacement shielding designs are possible due to the 
magnetic shielding effectiveness of Co-Netic and Netic foils . . . foils can be 
supplied FROM .002”, even thinner if you desire. Ordinary scissors cut foil 
easily to exact contour and size required. Foil can be wrapped quickly around 
hard-to-get-at components, saving valuable time, minimizing tooling costs. 


HOW TO INCREASE RELIABILITY 


Guard against performance degradation from unpredictable magnetic field con- 
ditions to which your equipment may be exposed. Eliminate such failure or 
erratic performance possibilities with dependable Co-Netic and Netic protection 
. .. assuring performance repeatability for your device over a wider range of 
magnetic field conditions. 

Co-Netic and Netic alloys are not affected significantly by dropping, vibration 
or shock. They are characterized by low magnetic retention and do not require 
periodic annealing. When grounded, they effectively shield electrostatic as well 
as magnetic fields over a wide range of intensities. 

Every satellite and virtually all guidance devices increase reliability with Netic 
and Co-Netic magnetic shielding alloys. Use these highly adaptable foils for 
saving valuable space, weight, time and money .. . in solving your magnetic 
shielding problems for military, commercial and laboratory applications. 


PHONE YOUR NEAREST SALES OFFICE TODAY: 


BALTIMORE, MARYLAND, HOpkins 7-3766 PALO ALTO, CALIFORNIA, DAvenport 1-5064 
UNION CITY, NEW JERSEY, UNion 4-9577 SAN DIEGO, CALIFORNIA, ACademy 4-1717 
MERIDEN, CONNECTICUT, BEverly 7-9232 SEATTLE, WASHINGTON, EAst 3-8545 
MIAMI, FLORIDA, Highland 4-1118 PHOENIX, ARIZONA, AMhurst 4-4934 
DALLAS, TEXAS, Fleetwood 1-1615 HOUSTON, TEXAS, HOmestead 5-7780 
ALBUQUERQUE, NEW MEXICO, AMherst 8-6797 WESTMOUNT, MONTREAL, QUEBEC 

LOS ANGELES, CALIFORNIA, WEbster 1-1041 WEllington 7-1167 


TE Se) 


Perfection ica Company 


1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 
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withstands temperatures to 600 C. Suit- 
able for use as replacement for ceramic- 
to-metal seals. Material is readily form- 
able for complex configurations, has 
good mechanical strength. Hermetite 
Corp.. 100 Ladge Dr.. Avon, Mass. 

Circle 546 on Inquiry Card 


GENERAL-PURPOSE RELAY 

Type WP relay is for printed-circuit 
applications, terminals fit into 0,050 in. 
diam holes. Unit has open construction. 


measures 0.890 x 1.75 x 1.07 in. Contact 
voltages are 28 volts d-c at 5 amp or 
115 volts a-c in SPDT or DPDT. Coil 
handles to 250 volts a-c at 1 amp, o1 
125 volts d-c at 4% to 2 watts. Globe 
Electrical Mfg. Co.. 1729 W. 134 St.. 
(,ardena, Calif. 

Circle 547 on Inquiry Card 


VOLTAGE-SENSING RELAY 


Adjustable relay senses a-c or d-c volt- 
age levels, operates relay contacts when 
pre-set voltage is attained. Input im- 
pedance is greater than 100,000 ohms. 
differential between pull-in and drop 


out is less than 1 per cent. Switching 
accuracy is +5 per cent over operating 
temperature and voltage ranges. Units 
are hermetically sealed; use a-c or d-c 
auxiliary power. HI-G, Inc., Bradley 
Field, Windsor Locks, Conn. 

Circle 548 on Inquiry Card 


(Continued on page 232) 
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Motorola’s new 1N3189 flangeless series consists 
of three silicon rectifiers, each capable of carrying 
1 AMP at 100°C. Available in voltages of 200, 400, 
and 600 PIV, these quality units offer superior 
stability, and can be employed in military designs 
where commercially available MIL-STD-701B 
‘‘Guidance”’ types are acceptable. 


Especially suited for printed circuit applications, 
these new flangeless rectifiers do not require heat- 
sinks and are easier and more economical to install 
than the bulkier studs. Yet, they operate in the 
stud-like 1 AMP region instead of the milliamp 
region usually associated with such subminiature 
axial-lead devices. 


Whether you require rectifiers for military or in- 
dustrial applications, look to Motorola for the best 
silicon devices at the best prices. Ask about our 
other devices to MIL “Preferred” and “Guidance” 
type specifications. 


FOR MORE COMPLETE TECHNICAL INFORMATION 


contact your Motorola Semiconductor district office, or call or write: 
Motorola Semiconductor Products Inc., Technical Information Depart- 
ment, 5005 East McDowell Road, Phoenix 8, Arizona. 


SEPTEMBER 1961 


MAXIMUM RATINGS TYPE NO. RATING UNITS 


Peak Inverse Voltage — PIV 1N3189 volts 
DC or Recurrent 1N3190 volts 
1N3191 volts 


Average Half-Wave 
Rectified Forward Current 
(@ 100°C Ambient Temp. 


ELECTRICAL CHARACTERISTICS 
ALL TYPES 


All Types 1.0 Amps 


AMBIENT TEMPERATURE _ 
25°C 1so°c ~=—§——séU NTS 


Maximum forward voltage drop 

at 750 mA continuous DC. 1.0 - volts 
Maximum forward voltage drop, 

full cycle average at maximum 

rated current & voltage k volts 


Maximum reverse current at 

maximum rated DC voltage g . mA 
Maximum full cycle average 

reverse current at maximum 

rated voltage & current as 

half-wave rectifier with 

resistive load -- 0.3 mA 


—65°C to +175°C 


Operating & Storage Temperature Range 


MOTOROLA DISTRICT OFFICES: 

Belmont, Mass. / Burlingame, Calif. / Chicago / Clifton, N. J. / Dallas / Dayton 
Detroit / Glenside, Pa. / Hollywood / Minneapolis / Orlando, Fla. / Phoenix 
Silver Spring, Md. / Syracuse / Toronto, Canada. 


MOTOROLA 


Semiconductor Products Inc. 


A SUBSIDIARY OF MOTOROLA, INC. 


5005 EAST McDOWELL ROAD ¢ PHOENIX 8, ARIZONA 
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D-C 
TN 


Up to 1500 Amperes 


ONT ara) t) 
Rectifier Power Supplies 
Automatic Battery Chargers 
in these 6 Types 


CONTROLLED 


RECTIFIER TRANSISTOR 


MAGNETIC 
AMPLIFIER 


MAGNETIC 
AMPLIFIER 
STAVOLT 


UNREGULATED AND 
SEMI-REGULATED 
(RECTODYNE) 


AUTOMATIC 
BATTERY 
CHARGERS 
FOR EVERY TYPE 
OF BATTERY 


ALL 
TRANSISTOR 


Write for 
Complete Information 


CHRISTIE 
ELECTRIC CORP. 


3412X West 67th Street 
Los Angeles 43, California 
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TRANSFORMERS 

Multi-purpose CA25M1! 
CASOMTL. CA62MTI. CA75MTI1, 
CA87MT1 and CA1OO0MT1. 400-cps to 


20-ke units with can and terminal con- 


CA3TMTI. 


-truction. range from 0.087 to 4.5 amp 
max Joad current. Each unit has four 
equal windings rated at a nominal 57'% 
volts rms. Magnetic Circuit Elements. 
Inc.. 3722 Park PL, Montrose. Calif 

Circle 549 on Inquiry Card 


RECENTERING MECHANISM 


Series 1300 recentering device returns 
to center component shafts of gears. 
switches, encoders and potentiometers. 
In sleeve or ball bearing design with 


- a” 


J MECHA, 
SERIES | ag 


servo mounts. With adjustable stops to 
320-deg rotation. Meets applicable mili- 
tary specifications. Operating tempera- 
ture range is —65 to +125 C. Magnetec 
Corp., 7232 Eton Ave.. Canoga Park. 
Calif. 

Circle 550 on Inquiry Card 


PLUG-IN IMPULSE COUNTER 


Model 725 counter opens or closes 
switch after preset number of counts. 
applicable to automatic control circuits. 
Features two SPDT 5-amp delayed 


switches which function at end of count. 
Reset time is 4% see, max count speed is 
400 counts per min. Count range, 80 
counts; rated life. 15 million operations 


(Continued on page 231 


HIGH-SENSITIVITY 
SWITCHING 
@ LOW UNIT COST 


highly reliable 
low wattage relays 
from LIONEL 


solder lugs or plug-in 
terminals for printed 


circuit boards 
& 


insulating bases and 
dust covers optional 
€ 


TYPICAL UNIT 
Rating: 50 milliwatts 
Impedance: 2300 ohms 
Pull-in current: 4.7 ma 
|Drop-out current: 1.0 ma 
‘Electrical specifications 
‘can be changed to suit 
application. 


Send for data on 
“4325 SERIES” RELAY 
Write Dept. 29-MR 


LIONEL 


ELECTRONICS DIVISION 


Hillside, New Jersey 
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New steels are 
Oe) 
Armco 


Gain Design and 
4 Production Advantages 
With Armco DI-MAX 


Electrical Steels 


Armco DI-MAX® Electrical 
Steels, available in M-15 to M- + 


< 2 J For better 5 
13, combine the desirable charac- electrical ("Sua +) 


teristics of both hot-rolled and eam: 


* 


cold-rolled types. They create 
opportunities to streamline production and improve design. 
In Design—Smooth surface and good flatness produce a high 


stacking factor. Good permeability at high inductions 
permits economical material-saving designs. These Armco 
Electrical Steels are available in a wide range of gages 
and surface insulations that give you maximum selectivity. 
Extensive design curves help you use their properties most 
effectively. 

In Production—Special processing of DI-MAX grades helps 
prolong die life and assures minimum-burr laminations. 
Good flatness simplifies core assembly. Produced in sheets 
and welded coils from 3/4," to 46” wide to facilitate pro- 
duction on your equipment. 

Put these cost-cutting and performance-improving ad- 
vantages to work for your company by specifying Armco 
DI-MAX Electrical Steels. Write us for complete informa- 
tion and useful design curves. Armco Division, Armco Steel 
Corporation, 2881 Curtis Street, Middletown, Ohio. 
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another 


pull 


NEW product 


..- the 46,000 Series 
~oncce DISC BRAKES 
for Crane, Hoist, and Winch Applications 


A.C. Operation ... Compact, Motor-flange Mounting ... 
Cast, Dust-tight, Waterproof En- 
closures ... 3 Sizes- 500, 750, 

and 1,000 |b-ft Torque 


e UP TO 88% LESS INERTIA (WK?) ... 
e UP TO 35% LESS WEIGHT... 


e@UP TO 40% LOWER INSTALLED 
COST . . . than cumbersome, hard to 
enclose “Flywheel-type” brakes of 
similar torque and thermal capacity! 


@ Stearns exclusive unitized construction for faster, 
simpler installation and maintenance — longer life! 


Request Stearns New Product Preview 2-61-B 


ELECTRIC CORPORATION 


120 NORTH BROADWAY © MILWAUKEE 2, WISCONSIN 


The Complete Line of Electromagnetic Clutches — Brokes — Clutch-Brakes 
SIMCE 1917-THE CHOICE OF LEADING MOTOR AND MACHINERY MANUFACTURERS 
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Count setting may be reset during cycle. 

Operates on 115 volts, 60 cps. Eagle 

Signal Co., 202 20th St., Moline, Il. 
Circle 551 on Inquiry Caro 


UNITIZED BLOWER HOUSING 


Integrally-housed Type D fhp blowers 
deliver 60 cfm for single unit at 3200 
rpm, 120 cfm for double unit at 3100 
rpm. Housing is cold-rolled steel, with 


baked enamel finish. Blowers are pow- 
ered by shaded-pole induction motor, 
115 volts, 60 cps. Other voltages and 
frequencies available. Heinze Electric 
Co.. 685 Lawrence St., Lowell, Mass. 
Circle 552 on Inquiry Card 


PRINTED-CIRCUIT BOARDS 


Circuits utilize 97 per cent alumina base 
with molybdenum-manganese circuit 
pattern giving bond strengths to 20,000 
psi. Typical board measures 244 x 5 in.. 


is 0.060 in. thick. Operates at tempera- 
tures to 1300 F, does not absorb mois- 
ture. Provides slots for component 
mounting, holes for circuitry. Ceramics 
International Corp., Mahwah, N. J. 
Circle 553 on Inquiry Card 


BLOWER WHEELS 


Line of blower wheels for use in various 
appliances offers four diameters and 12 
blade lengths. Diameters are 4°4, 6. 
746 and 8% in., blade lengths range 
from 2 to 454 in. in 4 in. increments. 
Fabricated of aluminum, cold-rolled 
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a 


manual 
UTTER 
Cie 


FOR MANUAL START AND AUTOMATIC STOP 
FOR ANY TIMED PROCESS OR OPERATION 


% May be mounted in any 
Y 
position 


%& Compact — requires only 
7/2 sq. in. for mounting 


% Accurate — maintains 
+15% of mean setting 


% Timing Range —0.2 sec. 
to 60 sec. 


% Operates on 90% captive air principle 


A high quality — low cost timer whose mechanical 
life has been tested to over 10 million operations. 
(Switch 1 million). 


Write for Bulletin No. 1620 for complete specifica- 
tions. Address Dept. ET-961. 


BARABOO, 
WISCONSIN 


) MANUFACTURING DIVISION 


Of The Gamewell Company 


AN E. W. BLISS COMPANY SUBSIDIARY 
Circle 246 on Inquiry Card 


PERMANENILY.. . 


METAL IDENTIFICATION TAGS OF 
EVERY DESCRIPTION FOR MARKING CABLES 
LEADS, AND GROUPING WIRES... 


TERMINAL TAGS are rapidly replacing obsolete string and paper identi- 
fication methods—they mark the end of identification problems! Made 
of aluminum, steel, Loses, or zinc, in a variety of styles and sizes. 
TERMINAL TAGS are easy to apply, and are used in the manufacture 
of aircraft, radios, telephones, motors, generators, etc., and can 

stamped or embossed with special marking to customer specifications. 


FREE SAMPLES AND LITERATURE UPON REQUEST 


NATIONAL BAND & TAG CO. 


P.0. Box 9-254, NEWPORT, KY. PHONE COlenia! 1-2035 
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join wires 


BY HAND OR MACHINE... 


HERE’S A PROVEN WAY TO 


keep costs down and 
improve your product 


e Priced as low or lower than 
ordinary connectors, they go on 
fast, last for the life of your 
product. No troubles! 


e Specially formulated high-dielec- 
tric, high-strength all-plastic 
shell is virtually immune to all 
moisture and chemical action. 
They stay “new” permanently! 


e Smooth, precision-molded 
threads start easily, screw on 
without damage to even finest 
wire strands. Wires are locked 
on—can’t fall off or shake loose! 

e Scientific knurling is easy on fingers, fits snugly into 
Ideal standard driver shanks. Less fatigue, faster 
assembly line splices! 


e@ Ample skirt protects splice, prevents shorts. 
Best insulation you can get! 


e@ Only 5 sizes handle practically all appliance, fixture 
and smaller machinery needs. Approved for 300V and 600V 
(1000V for fixtures). Less specification and 
stocking problems! 


NEW BROCHURE 
for design and production 


Gives new technical data for 
production and design men. 
AT OUR Complete selector charts for 
: all sizes of All-Plastic Con- 
EXPENSE nectors for all approved wire 
combinations. Also useful 
mal product information of Ideal 
eT hy Wire-Nuts, Excel Porcelain 
for FREE Connectors and Wing -Nuts. 
ie Facts you should have on the 
st industry’s most complete line 
assortment of wire connectors. Mail 
coupon. 


ts Mee 


IDEAL INDUSTRIES, Inc. 
TOOB-! Park Avenue, Sycamore, Illinois 


Please send [] new brochure on All-Plastic Connectors; 
C) Free Sample Assortment 


cic cicttiinccideletitinesnee 
OC acrciistecintnctias 
Address_ i oa sonia 


i iacnsieintinnineshicigpibancicesinaeinhabinia i icenincenis ON it aie 
Sold Through America’s Leading Distributors 


| IN CANADA: IRVING SMITH, Ltd., Montreal 
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el detee le Nae 
SEALED 


4-40 THREADS i *4-40 x 5/16 FILLISTER HEAD CAPTIVE 


Ask for new Comar 
catalog illustrating 
many stondord 
basic designs 


} “SCREW WITH SPLIT LOCKWASHER (2 REQD.) 


For complete specifications, operating con- 
ditions, coil data, etc., write for bulletins 
"SS" and “SR” today. 


eo 
lectric 


3349 ADDISON ST., CHICAGO 18, ILLINOIS 


SWITCHES + HERMETI 


Circle 249 on Inquiry Card 


steel, or zinc grip. In single-inlet and 
double-inlet types. The Lau Blower Co.. 
2027 Home Ave., Dayton 7, Ohio. 

Circle 554 on Inquiry Card 


PLUG-IN RELAY 


Series 300 relays have contact combina- 
tions of 1 form C or 2 form C; sensi- 
tivity is 1 mw per pole. Relay is en- 


closed in aluminum dust-proof enclo- 
sure with octal- or five-pin plug-in base. 
Mechanical life rated at 25 million op- 
erations. Contact-carrying capacity is 
0.25 to 5 amp resistive. Coil dissipation 
is 2 watts. General Automatic Corp.. 
111 33rd St.. Union City, N. J. 

Circle 555 on Inquiry Card 


RESISTOR- AND CAPACITOR- 
STACK MODULE SOCKETS 


Units have insulating wafers which are 
NEMA Grade XP laminate. Brass con- 


tacts are barrel type, cadmium coated. 

Paktron Div. of Illinois Tool Works, 

1321 Leslie Ave., Alexandria, Va. 
Circle 556 on Inquiry Card 


EDGEWISE A-C/D-C METERS 


Type MDE-3, 3.7 x 6.1 x 1.3 in. meters, 
for use in control console and equip- 
ment applications where reliable indi- 
cation is required under severe environ- 
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~ A FULL LINE OF ESSEX “STANDARD” 


National Electric is APPLIANCE WIRE and CABLE 


the speedy way engineered to your 


Om NaNO lam L “special” applications 
Nas nT 1: 


(A) THERMOPLASTIC Plastics used for this 
group cover 80°C, 90°C and 105°C tem- 
perature ratings. U.L. approval on all items. 
C.S.A. on 90°C and 105°C except on sizes 
No. | AWG and larger. 


(8) RUBBER AND BRAID Essex P-300” 
is a 75°C rubber insulated, cotton braided, 
lacquered wire, both U.L. and C.S.A. approved, 
most commonly used with the usual baking 
cycles for motors, coils, transformers. 


(C) NEOPRENE Essex N-900 is a 90°C neo- 
prene insulated lead wire available with color 
coated sirface for easier identification. U.L. 
appro-ed. 


(D) SILICONE Essex Sil-X® has a silicone 


National Electric PLASTIC INSULATED finish, UL. epproved for both 150°C and 


200°C ratings, dependent on application and 


... POLYETHYLENE INSULATED... cpprevel en spodtorées 
PLASTIC JACKETED CONTROL CABLES Ene 


ING APPLIANCE WIRING MATERIAL 


for municipalities and industrials (A) THERMOPLASTIC Oil and flame resist- 


ant; has high dielectric and mechanical strength; 
Ask your distributor, or write for folder. National Electric Division, strips easily; colors are bright and permanent. 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa. Produced in several temperature ratings. U.L. 
and C.S.A. approved and is available with 
moisture resistant approval. 


(B) NEOPRENE Provides high resistance to 


NATIONAL ELECTRIC DIVISION oil, grease and alkalies. Particularly suitable 
H. K. PORTER COMPANY, INC. ~<a ay 


(C) RUBBER The 60°C and 75°C rubber 
insulation applied over tinned copper conduc- 
tor is excellent and economical for internal 
wiring where no extra protection against oil 
and higher temperature is necessary. U.L. and 
C.S.A. approved. 


$% —s- FLEXIBLE CORDS 


(A) RUBBER Types S, SJ and SV portable 
and supply cords. Smooth flexible, tough and 
abrasive resistant, will provide years of trouble 
free operation. 


(B) NEOPRENE Neoprene cords are iden- 
tified by U.L. as types SO and SJO. Provide 


Rs high resistance to oil, grease and alkalies, It is 
COM POU N DS particularly suitable for industrial uses. 

(C) THERMOPLASTIC ST, SJT and SVT 

thermoplastic insulated and iacketed cords are 


not affected by oils and greases and are highly 


Zophar Waxes, resins and compounds a ; resistant to alcohols, acids and most chemical 
to impregnate, dip, seal, embed, or pot solvents. 


electronic and electrical equipment or ee 
components of all types, radio, tele- ee SS del aah ae) 135 


vision, etc. | , | A parollel 60°C, U.L. and C.S.A. approved 
° | : polyvinyl insulated power supply cord that can 
Cold flows from 100°F. to 285° F. plain 4 ee. be produced in numerous attractive colors to 
ee blend with todays’ appliance color schemes. 
or fungicidal. oes Z The center or ground conductor is o separately 
—— - insulated wire with 4,4" insulation thickness. 

U.L. and C.S.A. approved. 


Special waxes non-cracking at—76°F. 


Let us help you with your engineering | apts S$% HERMETIC LEAD WIRE 
problems. eye ; 


Now available with Dacron-Mylar-Dacron in- 
2 sulation for higher dielectric strength, smaller 
For immediate service contact: | : _— "= diameter with less bulk, easier stripping. 


L. E. Mayer, Sales Manager 
H. Saunders, Chemical Laboratories 


Phone SOuth 8-0907 


atte 5 s* ESSEX 


iss ZOPHAR MILLS, INc. | Wire Corporation 


112-130 26th Street, INDUSTRIAL-APPLIANCE WIRE PRODUCTS 
Brooklyn 32, N. Y. Sycamore, Illinoi: 


ring complete appliance wire and cable line. 
uirement by UL style no. reference. 


YEAR 
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Solve Your Heat 
Transfer Problems 
—Analytically— 


by Proper Fin Design ... with perhaps 


substantial $ savings in product cost 


All the technical data you'll need for 
making an extended-surface heat flow 
analysis and for developing an optimum 
design are contained in the new ELEC- 
TRO-TECHNOLOGY design compen- 
dium, “Heat-Flow Theory and Extended 
Surfaces for Heat Transfer” just off press. 
This 72-page combined reprint brings 
together in one handy reference volume 
the popular five-article fin-design series 
by Allan D. Kraus and other related 
articles by the same author. 


The analytical approach to heat-ex- 
changer, extended surface design pre- 
sented in this compendium leads to far 
more efficient results than the usual hand- 
book methods, which do not reveal the 
frequently very real advantages of one 
fin shape over another, or the conditions 
under which the use of extended surfaces 
is impractical. 


Heat-flow principles and relationships 
that are essential to fin design are pre- 
sented in “Heat Flow Theory,” which 
originally appeared in 1959 as an S&E 
insert (yellow pages) by the same author. 
These principles are also fundamental to 
all other thermal-factor design problems. 
A review of Bessel and gamma functions 
and recurrence relationships, necessary 
. for heat-flow and many other design prob- 
lems, is included in this reprint, together 
with function tables. 


Price: $3.00 
See page 168 for additional details on 
content, also handy Order Form on page 169 


mental conditions, are hermetically 
sealed. For voltage and current measure- 
ment. Minneapolis Honeywell, Preci- 
sion Meter Div.. Grenier Field, Man- 
chester, N. H. 
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COMPONENT HOLDERS 


Units designed for shock and vibration 
resistance showed no visible shifting of 
components in shock tests of over 200 g 


us 
wn 6 = 
2a & 


and vibration tests at 500 cps. Masterite 
Industries, 849 W. Olive St., Inglewood, 
Calif. 

Circle 558 on Inquiry Card 


POLYESTER-BASE WIRE 
STRAIN GAGES 


Gages P-8, with grid dimensions of “6 
x %4 in., and P-20 (illustrated), with 
grid dimensions of 7 x 542 in., may be 
installed in 20 min with Type SP-3 ad- 


hesive for up to 400-F operation, ac- 
cording to manufacturer. Resistance of 
P-8, 120 ohms +0.3 per cent. Metrix. 
Inc., P. O. Box 683, Walnut Creek. 
Calif. 

Circle 559 on Inquiry Card 


SOLID-STATE RELAY 


Low-powered sensitive relay has high- 
impedance input for stop motion, in- 
spection, serting and positioning of 
machinery. May be used in conjunction 
with photocells, thermistors and liquid- 
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A semi-conductor base is a typical 
application of electrical copper de- 
manding — 


strength to withstand high torque, 
high thermal conductivity, 
machinability. 


Ideal for such requirements are these 
five alloys from Anaconda: 


DLP Copper-104 (deoxidized low 
phosphorous) 

OFHC* Copper-120 (oxygen-free 
high conductivity ) 

Tellurium Copper-127 

Chromium Copper-999 

Amzirc* (Zirconium Copper)-134 


Each of the above provides a slightly 
different combination of desirable 
properties, and all can be machined as 
required to achieve necessary accuracy 
and maintain reasonable production 
costs. 

Anaconda Specialists can help you 
select the right alloy and form of metal 
—and the manufacturing method best 
suited to meet your design and fabri- 
cation problems. They can help you 
utilize cost-cutting techniques, such as 
roll threading of studs, and advise you 
on welding and brazing procedures. 
Whatever your problems, Anaconda 
offers specialized technical help. 

Anaconda Publication C-34 provides 
useful data on composition, typical 
physical and mechanical properties, 
forms available, and fabrication meth- 
ods. For this publication, or technical 
assistance in applying these electrical 
coppers, address: Anaconda American 
Brass Co., Waterbury 20, Conn. In 
Canada: Anaconda American Brass 
Ltd., New Toronto, Ontario. on 


*Trade-marks of American Metal Climax, Inc 


AMERICAN BRASS COMPANY 
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Synchronous shaded pole 
a-c motors by Barber-Colman 


for applications requiring 


precise timing and 
high pull-out torque .. . 


THE MARK OF QUALITY 


a-c small motors 


BARBER Developing 30 times the power of ordi- 
mT nary timing motors, Barber-Colman 
synchronous motors economically pro- 
vide the dependability and long life 
necessary to many precision applications 
. such as X-ray timers, chart drives, 
scoreboard timers, oscillographs, fac- 
simile recorders and many other indus- 
trial and scientific instruments. They 
synchronize rapidly and their high pull- 
SPEEDS FROM 1/6 RPH TO out torque provides a reserve of power 
to maintain smooth operation during 
900 RPM AVAILABLE sudden load changes or fluctuations in 
supply voltage. Write for Bulletins 
RATINGS 101/25 HP = M-5 and G-1. 


3600, 60, or 1 RPM (STANDARD) 


COMPLETE ENGINEERING SERVICE THE WIDE LINE OF BARBER-COLMAN A-C MOTORS 


includes unidirectional, synchronous, and reversible 
types . . . with or without reduction gearing 


UP TO 100 LB-IN. OF TORQUE open or enclosed. Stator and rotor sets are also 


available. Write for illustrated quick reference file. 


BARBER-COLMAN COMPANY 


Dept. U, 1203 Rock Street, Rockford, Illinois 


Circle 254 on Inquiry Card 








level probes. Requires no warm-up 
time; sensitivity adjustment is built-in. 
Unit rated at 10 amp, 300 volts a-c: 
contacts are DPDT. General Electric 
Co., General Purpose Control Dept.. 
Bloomington. Tl. 


Circle 560 on Inquiry Card 
SOLID-STATE MOTOR 


Model 317 motor for operation at 6. 12 
or 24 volts d-c is free of r-f noise. Has 
transistor inverter inside housing. Speed 
ranges from % to 1400 rpm. Starting 


torque is 1 in.-lb. Operating tempera- 
ture range is —30 to +50 C. Unit 
eliminates brushes and governor. Bristol 
Motors, Old Saybrook, Conn. 


Circle 561 on Inquiry Card 


HERMETICALLY SEALED 
LIMIT SWITCH 


Plunger-type Series 61574 switch is 
SPDT switch that employs corrosion- 
resistant materials throughout; has 


potted leads; meets MIL-S-6743. Oper- 
ating force 6.7 lb; release force, 3.5 lb; 
rated 5 amp resistive, 3 amp inductive 
at 28 volts d-c or 115 volts a-c. Min 
life, 25,000 cycles. Unit measures 2 x 
34 x 54 in. Haydon Switch, Inc., Water- 
bury 20. Conn, 


Circle 562 on Inquiry Card 


Laboratory and Engineering 
Equipment starts on page 242. 
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Eliminates Lugging! 
Provides Secure 
Connections! 


Now 

General Purpose 
Phenolic 

for Temperatures 
to 300°F. 


Specifications; Rated—25 amperes, 750 volts. 


Wire—for No. 12 to No. 18 AWG. 


Available—1 thru 50 terminals. 


Applications—industrial control 
and moderate power circuits. 


Terminals—3PC wire clamp assem- 


blies, excellent pull-out strength. 
Write for Bulletin DS-116 


| | 


New! A rugged line of 
versatile foot switches 
from Cutler-Hammer 


These new foot switches can be stepped on, 
kneed, elbowed, palmed. You design them in 
—they’ ll improve operations. Same high qual- 
ity in these foot switches ‘ou find in all Cutler- 
Hammer motor control. You get versatile op- 
eration, too. The heavy duty, side treadle 
switch has three interchangeable operating 
arrangements that can be changed easily 
just by changing position of a nylon cam. 

Find out about the heavy-duty side treadle 
switch, standard-duty switch, palm switch and 
heavy-duty treadle switch. Send for Pub. 
LO-91-T231. 


WHAT'S NEW? ASK. 


CUTLER- HAMMER 


mmmer inc.. Milwaukee, Wisconsin + Division: Airborne Instru- 
pa ‘Cane Subsidiary: Cutler-Hammer International, C. A, « Asso 
ciates: Cutler-Hammer, Canada, Ltd.; Cutler-+Hammer, Mexicana, S. *n 
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CURTIS 
Type “CT” 
Malm dae 


Curtis Terminal 
Blocks Make 
Better 
Connections 
Economically— 
Quickly. A type 
‘or every 
purpose. 


CURTIS vtveiopment & MFG. CO. r 


3222 N. 33rd Street, Milwaukee 16, Wisconsin 
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National Electric FLEXLAY CABLE 


Installs quickly . . . neoprene jacketed type RR cable rated 
over 600 volts through 28,000 volts. Nepcozone insulation. 
Tinned copper conductor. 


fOr underground, aerial, duct or conduit applications. Power 
supply to commercial, industrial, residential buildings + street 
lighting * airports * stadiums ° drive-in theatres. 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa. 


Wille 


NATIONAL ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 


Circle 257 on Inquiry Card 





Component 


Power 
Supplies s 
«> from ' 

PEERLESS 


Designed to Your 
Reguirements..... 


Peerless power supplies are avail- 
able with DC or AC inputs. AC in- 
puts are normally 60 or 400 cps; DC 
outputs extend to 10 ma or higher. 
Regulation values normally range 
from 5% to 10% from no load to full 
load; peak-to-peak ripple voltages 
are less than 1% of output voltage 
within this range. When required, 
closer tolerances can be supplied. 


Peerless power supplies can be pack- 
aged to meet any operating require- 
ments from commercial to Mil. Spec. 
And, their dimensions and configura- 
tions may also vary to meet specific 
volume requirements. For complex 
applications, Peerless has designed 
and manufactured power supplies that 
provide two or more outputs, operate 
in ambients up to 125°C and withstand 
shocks up to 50 G’s. Whether your 
requirements are conventional or 
exotic, Peerless can solve the design 
problems and manufacture in quantity 
to your exact specifications. 


NEW! Oo 
Send a 
Coupon ) 
For ©) Peswess 
Free © 
Catalog 3 


Contains detailed specs on 48 widely varied types 
of Peerless power supplies and comprehensive 
Estimating Specifications Sheet! 


(@®) PEERLESS 


ELECTRICAL PRODUCTS 


ac SION OF ALTEC LANSING CORPORATION 


1515 S. Manchester Ave., Anaheim, Calif. 
NEW YORK « LOS ANGELES 


Please send your new catalog, 
“PEERLESS POWER SUPPLIES”. 
| understand there is no obligation. 


Name 
Title 
Company 


C) 1961 ALTEC LANSING C 


Circle 281 on Inquiry Card 


Laboratory and 
Engineering Equipment 


SHIELDED ISOLATION 
TRANSFORMERS 


Dual-shielded transformers isolate re- 
search and development projects from 
line-transmitted noise. Input-to-output 


capacitance is less than 0.05 pf, ratings 
are 1 and 2.5 kva. In black wrinkle- 
finish metal cases, units have dual out- 
lets and shielded power cord. Trans- 
formers available from 5 to 500 va in 
MIL-T-27A cases, with shielded leads. 
L J Products, 7464 Girard Ave., La 
Jolla, Calif. 


Circle 563 on Inquiry Card 


HIGH-POTENTIAL TESTERS 


Line of a-c testers is for non-destructive 
testing of relays, wiring. switches, trans- 
formers and printed-circuit boards. Out- 
put voltages range from 0-1500 volts 


to 0-10 kv a-c for testing to ASTM. 
NEMA and UL specifications. With 
input cord, high-voltage output leads 
with clips, continuously variable voltage 
control, breakdown indicator and ad- 
justable leakage indicator. Output volt- 
age is indicated on 414-in. meter. Units 


are portable or rack-mounted. Duncan 
Electric Co., Inc., 2530 No. Elston Ave.. 
Chicago 47. 


Circle 564 on Inquiry Card 


TEMPERATURE-HUMIDITY 
CHAMBER 


Model ELHH-4-LC chamber has inter- 
nal dimensions of 18 x 18 x 18 in. 
Temperature range is —100 to +350 F; 
relative humidity range is 20 to 95 


per cent. With 2-pin, 2-cam program- 
ming recorder for documentation of te-t- 
ing. Unit utilizes carbon dioxide as 
refrigerant. Associated Testing Labora- 
tories, Inc., Wayne, N. J. 

Circle 565 on Inquiry Card 


ROTARY ACCELERATION 
GENERATOR 

Model RA-ATC-500-1 spin table has 
20-in. diameter, tests dynamic character- 
istics of objects from 3 to 500 g-lb. 
Dual controls provide variable speed 
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A leading manufacturer of electrical equipment 
finds poor insulation causes 95% of all electrical 
failures, so doesn't it make sense to use epoxies to 
end insulation problems? For example: Epocast 
electrical insulating materials cost less than 5° of 
originalequipment cost; yet can not only save you the 
cost of the equipment but prevent failure of entire systems. 
Write now for free brochure, there’s an Epocast 
formula that will provide a solution to any 
insulating problem you might have. 


Write now / 
for free electrical 
properties brochure 


| tin 


4516 Brazil Street, Los Angeles, California CHapman 5-1151 
42 Chasner Street, Hempstead, Long Island, N.Y. IVanhoe 3-6246 


Circle 258 on ee. } Card 


aD 
Eliminate ‘high-cost specials’ by standardizing 
on AMERICAN STOCK GEARS 


Investigate and you'll probably find that instead of 
having to go to the added time and expense of ordering 
special gears, that your needs can be filled from the 
American line. 

American is a complete stock gear line. It includes 
brass, bronze, steel, semi-steel, cast iron, and non-metallic 
gears in a range of 48 to 3 diametral pitch. Available from 
your nearby distributor of American Stock Gears. 

Ask for FREE copy of American Stock Gear Catalog No, 360 
containing detailed information and engineering data. 


AMERICAN STOCK GEAR division 


Perfection Gear Co., Harvey, Illinois 


SEPTEMBER 1961 Circle 259 on Inquiry Card 


COOL! 


piso eo) RT Nl e ah 
SOLENOIDS eliminate 


your overheating 
problems. 


Shock mounted in two directions, Decco Oil-immersed 
Solenoids perform with unbelievable efficiency for 
millions of strokes with no measurable wear. Each 
unit is sealed in its own die-cast, oil-filled, contami- 
nation-proof housing, providing incredible heat dis- 
sipation and wear control. 


Decco Oil-Immersed Solenoids incorporate all the best 
mechanical features of Decco Standard Solenoids. 
Their convenient, plug-in base allows split-second 
replacement in case of a change in 

power requirements, and they are 

designed to comply with J.1.C. speci- 

fications. 


Decco Standard Solenoids are 
manufactured in a complete range 
of sizes and types. Write for com- 
plete information. 


2435 Hilton Road - Ferndale 20, Mich. 


Circle 260 on Inquiry Card 





THESE ARE THE 
PRODUCTS THAT 


Acmoe<i=Flectric 
BUILDS 
that provide 


ENGINEERING 
OPPORTUNITIES 
wr 


If you’ve reached a “dead end” 
in your present position, and 
are seeking an opportunity 
with a growth company, where 
initiative, imagination and 
ability can be used, then Acme 
Electric may offer you a great 
future. 


Acme Electric designs ana 
builds a wide range of magnetic 
and transistorized components 
including such products as 


%* Magnetic Amplifier Con- 
trolled Battery Chargers 


* Constant Voltage 
Stabilizers 


%* Control Transformers 


* DC and AC Regulated 
Power Supplies 


%* Military Transformers 
* Phase Changers 


%* Power Distribution 
Centers 


* Rectifier Equipment 
%* Saturable Reactors 


To save time, please supply detailed 
resume with first letter which will 
have our immediate attention. 


ACME ELECTRIC CORP. 


PERSONNEL DEPARTMENT 
359 Water St. Cuba, N. Y. 


$AA3502/ 1956 


from 10 to 2000 rpm. Employs com- 
pletely-shielded hard coin-silver slip 
rings. Vibration resolution is 0.02 g, 
power required is 115 volts, 60 cps. 
Pacific Southwest Instrument Laborato- 
ries, Culver City, Calif. 

Circle 566 on Inquiry Card 


FLUTTER METER 


Model 590-A-1 meter provides visual 
indication of wow and flutter content 
of tape recorders and playback equip- 
ment. Accepts input voltages from 1 


mv to 300 volts, is accurate to 0.01 per 
cent. Incorporates three filters with 
ranges of 0.5 to 6 cps, 2 to 250 and 0.5 
to 250 cps for component isolation. 
Amplifier Corp. of America, 398 Broad- 
way. New York 13. 

Circle 567 on Inquiry Card 


HIGH-LOW TEMPERATURE 
CHAMBER 

Unit with resistance-bridge control cir- 
cuit detects slight temperature changes 
and activates relay which provides 
either cooling or heating. Temperature 


range, —100 to +600 F. Lowering 
from +70 to —100 F takes 5 min. 
Raising from +70 to +600 F takes 45 
min. Continuous operation at —100 F 
with no condensation formation on in- 
sulation. Test space, 9 x 11 x 10 in. Ex- 
ternal size, 2114 x 14 x 18 in. Bemco, 
Inc., 11631 Vanowen St., North Holly- 
wood, Calif. 

Circle 568 on Inquiry Card 


PRECISION STEP ATTENUATOR 


Type D170 attenuator operates over 
frequency range from d-c to 500 mc; 
features switch positioning which per- 
mits selection of attenuation values from 
0 to 41 db in 1-db increments. VSWR 
is 1.10 max, impedance is 50 ohms. 
Power-handling capacity is 1 watt; ac- 


RCA 
SILICON 
RECTIFIERS 


"STOP" 


CALL YOUR 
RCA SEMICONDUCTOR 
DISTRIBUTOR 


For a comprehensive line of superior- 
quality RCA Transistors and Silicon 
Rectifiers, and all RCA Semiconductors 
for special projects or pre-production 
requirements...call your RCA Semicon- 
ductor Distributor. Just check the 
extra advantages he offers you: 


y Fast delivery from local stock 

y» Prompt delivery of the latest RCA 
types for your evaluation 
Orders filled from factory-fresh 
stock 
Up-to-date, practical product infor- 
mation 
Valuable RCA technical assistance 
when you need it 
“One-stop” service on your orders 
Specialists who understand your 
problems and your electronic needs. 


| Remember, when you want fast delivery, 
| reliable service, always check first with 


your local RCA Semiconductor Distrib- 
utor. For the name and address of your 


| nearest RCA Semiconductor Distribu- 
| tor, write RCA, Distributor Products 


Sales, Harrison, N. J. 
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RCA ANNOUNCES 


es } 
nt a 


— . New High-Voltage Silicon Rectifiers 


, covering the full range 
from 1,200 to 10,000 PIV 


Dex 
— x 
10 RCA Diffused-Junction rectifiers: with integral voltage-equalizing networks 
offer outputs up to. 825 ma DC for military and industrial applications 


Here’s important new flexibility for your critical high-voltage rectifier HALF-WAVE RECTIFIER SERVICE 
applications—RCA’s broad line of encapsulated, insulated multi-cell A bsolute-Maximum Ratings for Supply Frequency of 60 cps, 
22 . > “2 : ° yi oP ” oy ; ”, reiehine " » ’ 
rectifiers. Check the benefits these rectifiers ean bring to your designs; Single-Phase Operation, and with Resistive or Inductive Load. 


e Integral voltage equalization—Resistor-capacitor equalization 
network across each internal rectifier cell equalizes voltage dis- 
tribution under both transient and steady-state conditions, Peak Inverse Volts. . 3000 | 4000 | 5009 | 6000 | 7000 | 8000 | 9000 | 10000 
Ratings you can use with eonfidence—RCA rectifiers are designed en 849 | 1400 | 2100 | 2800 | 3500 | 4200 | 4900 | s600 | 6300 | 7000 


to provide top performance at maximum published ratings, Con- OG Seating Volts. SESS 10000 


servative RCA ratings provide built-in safety factor. 7 tfoer Miomperan ae wos | os | sso| sso 
High output current: At 100°C ambient temperature. 275 210 ml ool on 210 | 210 
—550 to 825 ma at 60°C. Single-phase, half-wave circuit. Peak Recurrent Amperes. . . . (—— picsiiabaeianin Gt Mengiciane oeihiesiacininerbics 
—Up to 2.2 amps.—6 rectifiers in 3-phase full-wave bridge Peak Surge Amperes: 
: : (One-half cycle, sine wave) . . —_—__—____-——_—_-—— 1§ 
e reuit, Ambient Temperature Range: 
-—Up to 1,65 amps,—4 rectifiers in single-phase full-wave Operating and storage. . . , ~ 65 to + 125 °C 
bridge circuit, 
High efficiency and excellent regulation—Each diffused-junction 
cell has only 0.6-volt maximum voltage drop (full cycle average). 


Wide operating and storage temperature range. —65°C to +125°C. 


e “CR’-Series types may be used in series up to 20,000 PIV without 
added voltage equalization. 

7 Custom designs are available for higher voltages, higher temperature, 
Compact Size—2% to 514 cubic inches. oil submersion, special packaging requirements. 
Unique case design—allows rugged mounting; provides extra long Call your RCA REPRESENTATIVE today for full particulars on these 10 
corona path for added safety. new rectifiers. For additional technical information, write RCA Semi- 
Designed to meet military mechanical and environmental test conductor and Materials Division, Commercial Engineering, Section 
specifications. 1-54-NN, Somerville, N. J. 


The Most Trusted Name in Electronics 
ASE RADIO CORPORATION OF AMERICA 


YOUR RCA DISTRIBUTOR 
® 


RCA FIELD OFFICES... EAST: Newark, N. J., 744 Broad St., HUmboldt 5-3900 * (Camden, N. J. area) Eriton, N. J., 605 Marlton Pike, HAzel 8-4802 * Syracuse, N. Y., 731 Jomes St., Room 402, GRanite 4-5591 * 
Baltimore, Md., ENterprise 9-1850 * NORTHEAST: Needham Heights 94, Mass., 64 “A” St., Hillcrest 4-7200 * SOUTHEAST: Orlando, Fia., 1520 Edgewater Drive, Suite =1, GArden 4-4768 * EAST CENTRAL: 
Detroit 2, Mich., 714 New Center Bidg., TRinity 5-5600 * CENTRAL: Chicago, Ill., Suite 1154, Merchandise Mart Plazo, WHitehall 4-2900 * Minneapolis, Minn., 5805 Excelsior Blvd., WEst 9-0676 * WEST: Los 
Angeles 54, Calif., Box 54074, RAymond 3-8361 © (San Francisco area) Burlingame, Calif., 1838 El Camino Real, OXford 7-1620 * SOUTHWEST: Dollas 7, Texas, 7905 Carpenter Freeway, Fleetwood 7-8167 © 
GOV'T: Dayton, Ohio, 224 N. Wilkinson St., BA 6-2366 * Woshington, D. C., 1725 “K” &t., N.W., FEderal 7-8500. 
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Solve ae control problems 


These standard magnetic pickups gen- 
erate voltage and power without the aid 
of additional power sources. They actu- 
ate electronic or electrical circuitry 
without amplification in most cases. No 
extra bearings, mechanical linkages, 
etc., are required. 


RELATIVE OUTPUT 


VOLTAGE OUTPUT 


A wide variety of stock models are 
available for immediate delivery, and 
unlimited variations can be engineered 
on special order. 0 


SURFACE SPEE D 


CATALOG CMP-50O shows varied applications, 
characteristics and easy selection guide... write today! 


Canada: Atlas Instrument, Ltd., Toronto 
Proximity Switches * Magnetic Pickups « Tachometers * DC Power Supplies 





Gibson Atomiclad* Electrical Contact Rivets 
now available in economical Gibson Assemblies 


ATOMICLAD RIVETS ARE LOWER COST 
BECAUSE IT COSTS LESS TO MAKE THEM 


And they're BETTER because their bond of dispersed atoms of the 
precious contact metal and the base metal of the body is electrically 
and mechanically superior to other bonding methods. Cost is further 
reduced by limiting use of precious metal to electrical requirements 
of the contact. 

Atomiclad Rivets are made in all standard forms and of copper, 
steel or other base metal with contact face of precious or semi- 
precious metals. 

Many sizes and types are stocked in quantity. Write for Standard 
Stock List +2007, and for Technical Information Bulletin 400. 


CONTACT METAL 


fh 4) nl 


ZONE OF ATOMIC 
INTEGRATION 


His pending 


ECONOMICAL GIBSON 
CONTACT ASSEMBLIES 


Gibson contact support manufacturing facilities include every 
phase—forming, riveting, heat-treatment and electroplating 
and comprises use of any specified metal. 

When you specify Gibson Contact Assemblies, you get the 
benefit of years of engineering know-how in providing the 
best possible electrical union between contact and support 
member. Since all assemblies are Gibson-inspected, the cus- 
tomer suffers no loss through assembly rejects. 

Gibson Engineers will design your complete contact assem- 
bly upon receipt of specifications. Or send your drawings for 
fabrication costs. If you prefer your own support member, 
send a sample for assembly cost 
* ATOMICLAD—Trademark Gibson Electric Company 


GIBSON ELECTRIC SALES CORP. 
BOX 590. DELMONT, PA. 


BOSTON CHARLOTTE CHICAGO CLEVELAND DAYTON 
DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH 
ROCHESTER ST. LOUIS SAN FRANCISCO SEATTLE 


ELECTRICAL CONTACTS 
Since 1933 


Circle 262 on Inquiry Cord 


curacy is +0.3 db at any setting. Gen- 
eral Microwave Corp., 47 Gazza Blvd.. 
Farmingdale, N. Y. 

Circle 569 on Inquiry Ca-d 


ELECTRONIC VOLTMETER 
Model V-100 voltmeter is for measure- 


ments of a-c 
quency to r-f level, provides measure- 
ments from 0.001 to 300 volts a-c over 
frequency range from 10 cps to 4 me. 
Incorporates high-gain broadband am- 


voltages from audio fre- 


plifier for supplying additional sensi- 
tivity to oscilloscopes and bridges. In- 
ternal impedance 
ohms from 10 cps to 4 me. 


approximately 50 
Orion Elec- 
tronic Corp., 108 Columbus Ave., Tucka- 


hoe, N. Y. 
Circle 570 on Inquiry Card 


COORDINATE PLOTTING 
BOARD 


Model 1587 plotter provides two simul- 
taneous plots of four independent volt- 
ages vs time, for operation with analog 
and digital computers, coordinate con- 
verters. Changes in angular position 
of plotting surface do not affect plotting 
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THE ARA PLEXOLOGIST 


powders a price tag 


Originally, the part shown (double V pul- 
ley) was designed to be machined from 
steel. But before it was incorporated into a 
new model the Amplexologist was called 
in. Result: the part was designed for 
powder. metal and is now produced as a 
finished precision part which requires no 
machining. Estimated saving 82%. Sound 
interesting? Call the Amplexologist! 


AMPLEX 


DIVISION 

CHRYSLER 
CORPORATION 

DETROIT 31, MICHIGAN 


- ~ 


SEND FOR THE SECRET 
OF THE 
AMPLEXOLOGIST’S SUCCESS 


— 


Coto-Lails Write for Bulletin and Prices 


COTO-COIL CO., INC., 63 Pavilion Avenue, Providence 5, R. I. 
Circle 264 on Inquiry Card 


FOLDING DOUBLE CUPPED WASHER LUGS — 


FOLDS OVER HERE TO CLOSE : 
With or Without 
Insulation Grip— 
Small or Large 
Screw Hole. For 
Standard, Extra 
EASY TO APPLY e« NO TOOLS REQUIRED Flexible Strand- 


(O==* oO 
ee OOwW TO 


Write for Bulletin 8-OF aaa) & HUDEPOHL, ie Ka 


Ra CUNMRC Same 
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qT ENGINEERING MANUAL 
45 pages of technical information: How 
to determine correct applications for 
powder metal parts, bearings, filters. 


NEW BEARING STOCK LIST 
20 pages. 1066 standard sizes of Oilite self- 
lubricating bearings— bearing material. 
Selection guide, engineering data. 


E) 1/4 10 1/2 HP. 


; FP) 

Le 1 P 1725 RPM, 115 V. 

; — CONTINUOUS DUTY 
DRIPPROOF 


NEMA 56 FRAME 


rT 


Large Stock — Low Prices 


Precision, built-to-last Dayton brand for the growing 
market that prefers Nema 56 frame size split phase 
motors. Universally used on appliances, fans, blowers, 
coolers, tools, pumps and similar moderate torque, 
continuous-duty applications. All-angle mounting, high 
load carrying capacity sleeve bearings. Shaft height, 
312". Resilient or rigid mounted. Automatic overload 
models. Available at 70 Grainger Warehouses from stock 
—at prices that will more than please you. 


Write for Motor Catalog and 0.E.M. Deal 
70 WAREHOUSES 


WW ORAINGER_INC. 


DEPT. 251-C,118 S. OAKLEY BLVD., CHICAGO 12 


Circle 266 on Inquiry Card 





AUTOMATIC MAGNETIC 
TRANSFER SWITCHES... CONTACTORS... 


engineered to assure continuous power, reliable power switching, 
safeguard life, property, production. rugged durable design. 


ELECTRICALLY HELD 
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ELECTRICALLY HELD i ELECTRICALLY HELD 


Zenith Automatic Transfer Switches and Contactors are rated from 
30 to 600-amps., 250 and 600-v. operation. 


QUICK DELIVERY « Designed to YOUR specifications 


Zenith has been engineering and manufacturing a complete line of 
electromagnetic controls and timing devices for over 35 years. 


Write today for Bulletin A-17. 
@ Automatic Transfer @ Special Relay See classified 


. 5 a 
Switches Controls directory under sr he tay 


@ Transfer Switch @ Program Clocks Electrical ab 
Accessories ®@ Interval Timers Equipment 
@ Magnetic Contactors @ Reset Timers for local & § 


@ Cycle Timers representative. 


152 WEST WALTON STREET . CHICAGO 10, ILLINOIS 
Telephone: Michigan 2-3322. .Cable: Zenelec 
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performance; accuracy is 0.05 per cent 
of full scale. Surface measures 30 x 30 
in. With variable scale factor and 
parallax controls, provides ten board 
widths of variable parallax. Milgo 
Electronic Corp., 7620 N. W. 36 Ave., 
Miami 47, Fla. 

Circle 571 on Inquiry Card 


ELECTRONIC TACHOMETER 


Tachometer measures both constant and 
changing speeds in equipment such as 
drills, grinding wheels, lathes, power 
drives and motors. Requires no external 


power source or electrical or mechani- 
cal connections. Light-sensitive photo- 
electric cell responds to illumination 
changes; the result is displayed on di- 
rect-reading meter dial. For speeds from 
0 to 12,000 rpm. Unit measures 714 x 
3°4 x 2% in. The pioneer Electric & 
Research Corp., 743 Circle Ave., Forest 
Park. TI. 
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BREADBOARD TERMINAL 


Nail clip which mounts with hammer 
and simple driving tool is constructed 


of stainless steel and nylon. E-Z-Hook 
Test Products, 1536 Woodburn Ave.. 
Covington, Ky. 
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NOISE-FREE SHIELD CHAMBER 


Portable chamber for making electric- 
ally quiet measurements is used for en- 
closing and testing sensitive electronic 
circuitry. A-C power supplied by isola- 
tion transformer with less than 0.005 
pf interwinding capacitance, more than 
10,000 megohms interwinding leakage 
resistance. Magnetic alloys assure 40-db 
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DAV EN conc. 


Mee ane 


“RESISTORS! 


Daven’s new 20-page precision wire wound resistor : 

catalog is the most comprehensive publication of its : 

type. It’s chock full of technical data, performance : 
: curves, photographs, applications, military specs — : 
: everything you'll need to know about Davohm and Super : 
: Davohm resistors, miniature, sub-miniature, axial lead, : 
: lug, printed circuit, high frequency, card, ceramic, and - 
: hermetically sealed types, as well as complex networks. : 
: All this...PLUS new information about ultra-stable - 
: high-reliability units. Write today for your free copy! 


THE DAVEN COMPANY 
General \! RESISTORS yuingsion. 


oA SUBSIDIARY oF Mi Is : TODAY, MORE THAN EVER, 
§ GENERAL MILLS : THE DAVEN © STANDS FOR DEPENDABILITY 


. 
° . 
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Casting Resins 
Problem? 


e Are you having trouble evaluating epoxy resins 
or silicone encapsulants for some critical element 
in the advanced engineering of devices, equip- 
ments or systems required to operate under rigor- 
ous and extreme conditions? The help you need 
could be at your fingertips in the new ELEctRO- 
TECHNOLOGY design compendium, Casting Resins 
and Application Techniques. 


e This 44-page design manual brings together, 
in one convenient package. seven of the most in- 
formative technical articles on the subject which 
have appeared in the pages of this magazine ove! 
the past several years. It includes also a valuable 
bibliography on the overall subject of electrical 
insulation and dielectrics. 


Order your copy now, by using 
the handy form on page 169. 


Price $1.00 per copy, postpaid 
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National Electric is 
the speedy way 
COT Lam TO Cam Te 


National Electric NEPCO-SIL CABLE 


High heat resistance. . . silicone rubber insulated . . . covered 
with fiber glass or asbestos braid or silicone sheath. 


fOr fixture or lead wires, power or building type cables for... 
motor manufacturers + transformer manufacturers « fixture 
manufacturers * commercial and industrial buildings * appa- 
ratus manufacturers + steel mills. 


Ask your distributor, or write for folder. National Electric Division, 
H. K. Porter Company, Inc., Porter Building, Pittsburgh 19, Pa 


NATIONAL ELECTRIC DIVISION 
H. K. PORTER COMPANY, INC. 
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News. Knobs 


ALU LL 


4 Meet 
Standard HN MIL-P-14 
Sizes ‘Sn . Specs 


“MODEL 
RB-1250-SK 
lustrated 


Molded of thermosetting phenolic or urea materials. 
Available in 4 standard sizes with nickel plated brass 
inserts for %” or %” diameter shafts. Aluminum deco- 
rative inserts or skirts, etched and filled as desired... 
various anodized finishes, plain or radially spun. Write 
for new catalog illustrating Rogan’s complete line of 
stock molded knobs. 


ROGAN BROTHERS, Inc. 
8027 N. MONTICELLO ¢ SKOKIE, ILL. 
Specializing In Stock Molded Knobs Since 1939 
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DURANT 
Eleant: Counter 


COMPLETE LINE for HIGH SPEED, 
ACCURATE ELECTRIC COUNTING 


There’s a DURANT electrically-actuated COUNTER de- 
signed just for your needs. Dependable, easy to read, 


easy to install on individual production equipment, or as 


original equipment on your new product. 


MODEL ‘‘YE"’ 
Instant Reset 
1500 CPM 


4-FIGURE **Y"’ 
AC: 600 CPM 
DC: 800 CPM 


Get accurate 


counts at high, low, or intermediate speeds. 
Durant Counters will give trouble-free service for many 
years, even under the most severe operating conditions, 


PANEL MOUNT Mounting plate with 
knurled reset knob or tumbler lock 
reset — can be set in panel from 


front. Ideal for remote control. 


Model SP-MF PREDETERMINED (lower left) May be pre-set 


to any number; when desired figure reached, an electric 


signal stops a machine, lights a light, or sets off an 
alarm. 600 CPM. 


1962 N. Buffum Street 


Milwaukee 1, 


Send for CATALOG 55 


eee ae 


62 Thurbers Avenue 


Wisconsin Providence 5, R. |. 
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TOUGH, UNIFORM, 
ACCURATE Ceramic Parts .. 


on time and in any quantity from 
WISCONSIN PROCELAIN CO. 


Whatever the size of your ceramic parts 
order—a few hundred or several mil- 
lion— Wisconsin Porcelain has the facil- 
ities to deliver on time. Plant capacity 
is not limited to few kilns—where trou- 
ble with one could mean a production 
shutdown for you. Instead, Wisconsin 
Porcelain has many kilns and a record 
of continuous, year around production. 


Our highly developed manufacturing 
processes,.perfected over a period of 40 
years, produce components of extreme 
hardness and accuracy. The result is 


Circle 272 on 


easy fitting parts that keep your pro- 
duction running smoothly. 

Engineering Assistance. If you will 
send details of your requirements—our 
engineers will submit suggestions on ma- 
terials and design to assist you in finding 
the most efficient and economical solu- 
tion to your ceramic problem. 

Serving the Electrical and Electronic 

Industries since 1919 


WISCONSIN PORCELAIN CO. 


115 Market St.+ Sun Prairie, Wis. 
in the Chicago Industrial Area. 
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electromagnetic shielding at power-line 
frequencies. receptacles 
for power and external instrumenta- 
tion are featured. Topaz Transformer 


Products, Inc.. 4995 Weeks 
Diego 10. Calif. 


Plug-in type 


Ave., San 
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MICROWAVE SPECTRUM 
ANALYZER 


Solid-state Model SA-84T analyzer 
covers frequency range from 10 mc to 
10.8 kme. Capable of measuring fre- 


quency difference of two r-f{ signals. 
detects and identifies spurious signals. 
Features direct-reading frequency dial. 
regulated power supply, low incidental 
and amplitude modulation. 
Polarad Electronics Corp., 43-20 34th 
St.. Long Island City 1, N. Y. 
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frequency 


KERR CELL CAMERA SYSTEM 
Model KSC-5] 


venerator which permits operation from 


\ system has a pulse 


an external low-voltage trigger source 


as well as from an internal 60-cps 
source. Triggering delay times for 300- 
volt trigger, than 100 nanosec. 
Jitter in shuttering action, less than 15 
nanosec. Electro-Optical Instruments, 
Inc., 2612 E. Foothill Blvd., Pasadena, 


Calif. 


less 
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See Product Index for this issue 


on page 252. 
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THIS IS GLASS 


BULLETIN OF PRACTICAL NEW 


ECHOES IN THE INFRARED 
TRIP A TRAFFIC SIGNAL 

Your car passes under a compact litte 
unit hanging over the road and—presto 
—up ahead a traffic signal changes to 
green. 

There are two devices in the unit which 
is fabricated by Infrared Industries of 
Waltham, Mass. One emits a beam of 
infrared down at the pavement via a 
special glass lens which we supply. The 
second device receives the echo sent back 
when a car passes through the infrared 
beam. The beam bounces back up 
through another Corning lens, off a sil- 
vered reflector (also ours), and onto a 
cell which activates the unit. The unit 
in turn activates the traffic signal or just 
keeps track of the traffic. 

If you happen to spot one of these 
Gevices on a drive and still have to stop 
for a red light, do not despair. ‘Take those 
few seconds and consider the red, yellow, 
and green roundels on the traffic light 
itself. That’s right, we make those too, 
and it’s quite a trick, since we have to 
mass produce those roundels by the 
thousands, holding to some of the most 
rigorous color standards you’ve ever seen. 

All of this adds up to a good story on 
the passing of light—visible or invisible— 
through glass. We have the capabilities. 
If you have the problems, perhaps we 
can get together and produce some 
products. 

We'll be glad to send anything you 
ask for in the coupon. 


A FEW FREE SUBSCRIPTIONS 
TO GLASS TALK STILL LEFT 


Like many of our worlds, the world of 
glass continues to grow at a breathless 
pace .. . adding more and more exotie; 
but eminently useful, glass products 
every month. 

To keep people like you up to date on 
what’s being ‘done, we put out a bi- 
monthly (more or less) publication called 
Glass Talk. The economics of printing 
are such that we can add a number of 
new names to our mailing list without 
upping costs greatly. 
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So, if you think glass has a place in 
your future, send us your name and ad- 
dress on the coupon. Naturally, Glass 
Talk is gratis. 


NEW BLUE AKLO® CYLINDER 
ABSORBS 99+% OF IR 
If there’s ever a man you want to keep 
comfortable, it’s a surgeon. So, you take 
extra pains with his lighting. 

You want to correct his light to day- 
light. You want both him and his patient 
to stay as cool as possible. 


A new AKLO filter which we make 
does both. It takes 2900°K light from 
incandescent lamps and corrects it to 
4000°K. It absorbs all but a niggling less 
than 1% of the lamp’s infrared, hardly 
enough to raise the temperature of a flea. 

Add this to a cylinder that has been 
designed to be used with clear lamps and 
you get smooth, reproducible results every 
time the unit is relamped. 

Filtering like this recommends itself 
for lighting, for photoengraving and pho- 
tography, theaters, movies, television—in 
short, any place where you have light- 
and heat-conscious customers. 

Check the coupon, if you’re interested. 


of 


Please send more on: 


CORNING MEANS 


IDEAS 


RESEARCH IN 


FROM CORNING 


GROUNDED GLASS 


One of the old bugaboos of using glass in 
conjunction with extremely sensitive elec- 
tronic devices—static charging—should 
bother you no longer. 

We can supply a variety of shapes with 
an electroconductive coating which you 
can run to ground. And static charge 
drains off as soon as it forms, so there’s 
no danger of outside signals throwing 
your device into a tizzy. 

The same method also eliminates the 
nuisance noise broadcast by fluorescent 
tubes. We make a glass shield which 
looks like a regular lighting panel except 
that it, too, has a grounded electro- 
conductive coating. 

Think about this glass for a minute and 
you'll see there are many other equally 
sensible applications. 

Run a current through a piece of it, 
for example, and you have a warm piece 
of glass perfect for self-defrosting 
mirrors or windows. 

You'll find that certain glasses become 
efficient infrared emitters when you run 
a current through an electroconductive 
coating . . . great for space heaters or 
driers (both of which we make). 

Turn the glass around and cut off the 
current and you find that it reflects infra- 
red while passing visible light. That 
makes an excellent heat shield. 

Send the coupon for the full story on 
our electroconductive glasses. 


GLASS 


CORNING GLASS WORKS, 5909 crystal st., Corning, N.Y. 


(0 AKLO Filters [ IR-Transmitting Glass [) Electroconductive Glass 


(_] Colored Lenses [J “‘Glass Talk” 
Name........ 

Conny... 

Street... 
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Do you know? 


29 


Yes, 29 Hi-Q engineers and 
electronic specialists are ready 

at all times to work “on your 
staff”... qualified by experience to 
analyze your resistor / capacitor 
applications. New units can 

be designed to meet your specific 
requirements, if necessary...even 
if you are looking for the smallest 
ceramic capacitor in the world! 
Want further info? Simply write 
today to... 


AEROVOX CORPORATION . 1009 SENECA ST., 


OLEAN, NEW YORK 


‘electrical porcelain 


Built to your Drawings and Specifications 
SEND US YOUR INQUIRIES 


2725 CORY AVE., AKRON 14, OHIO 
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PRODUCT INDEX 
for this issue 


Components, parts and materials described in this issue's 
editorial and advertising pages. 


ey: page number Only WW 


awe number 


COMPONENTS, 
ELECTRICAL /ELECTRONIC 


Brakes—180e, 234 
Capacitors—152, 158, 161, 19le 
204e, 215, 222e. 224e. 252 
Choppers—174e, 22le 

Clutches— 180e 
Contact devices 


Brushes and brush bolders—-\54, 


178 
Commutators—19, 224e 
Contacts and contact points — +5 
246 
Slip rings—192, 222e 
Control systems—184e 
Cooling equipment—177e, 190« 
Counters—232e, 250, 256 
Electron tubes 
Counter—207 
Power—25, 184e, 189e, 190¢e, 
196e 
Receiving——196e, 22\e 
Fans and blowers—174e, 23.4 
Filters—180e, 206e 
Lights, indicator—57, 183e, 186, 
192e, 210, 228e 
Magnetic amplifiers— 150 
Magnetic components 
Bobbins and core boxes—202 
Coils and windings—193, 247 
Cores—Inside front cover, 184e, 
200e 
Laminations—34 
Permanent magnets—54, |” Ge, 
19le 
Shielding— 230 
Meters, panel—42, 194, 219, 236¢ 
Micromodule components—- 19G6¢« 
214 
Microwave devices—I8ie. 18Ge 
202e 
Potentiometers—204c¢ 
Printed circuits—234e 
Protective devices 
Circuit breakers—145, 253 
Fuses and fuse blocks—-24, 148 
Thermal—148 
Relays 
General purpose—l49, 19le, 
194, 208e, 210e, 223, 228, 
230e, 232, 236, 23G6e, 238e 
Industrial—59, 223 
Latching—213 
Mercury—192 
Miniature—171, 204e 
Special—148, 19le, 202, 216, 
223, 225, 230e 
Time delay—198, 204e, 214e, 
217 


Resistors—47, 148, i74e, 176¢e, 


177e, 190e, 192e, 201, 21é6e, 


249, 252 
Seals and terminals, hermetic- 
185, 228e 


Semiconductor devices 
Controlled rectifiers—4, 9, 182¢ 
Photocelils—174e, 198e, 20G6e 
Rectifiers and diodes—15, 147, 
176e, 177e, 180e, 183e, 186e 
194e, 197, 198e, 199, 202 
222e, 231, 245 


indicate 


icat advertisement 


editorial ment 


! hbermoclectric—2 Be 
Transistors—S51, 139, 147, 163, 
174e, 200e, 209 
Servo components—46, 178e, 182¢ 
Solenoids—35, 19le, 214e, 243 
S:atic switching e'ements—16, 61 
Switches 
Controllers and contactors—A4A\, 
148, 160, 188, 189e, 248 
Foot 241 
lL eaf—198e 
Lever—19Ve 
Limit—36, 45, 159, 192, 240e 
Pressure—183e 
Proximity—}37 
Pushbutton—5° , 148, 190e 
198e 
Rotary—149, 182e, 190, 210 
Snap action—37, 208e 
V elocity—254 
Telephone handsets—208 
Timers—141, 198e, 200e, 205, 
211, 216e, 226e, 248 
Transducers 
Flow meter—146e 
Linear displacement—183e 
Rotary displacement—183e 
Strain gages—238e 
lransformers—19, 62, 178e, 180e, 
189e, 232e, 242e 
Wire and cable—237 
Hookup—151, 237 
Magnet—S5, 27, 151, 180, 205 
Power—56, 151, 176, 223, 229 
237, 241. 249 
Wiring devices 
Cable clamps and clips—202 
Connectors—Inside back cover, 
183e, 218e, 235, 253 
Cord sets—43, 151, 195 
Grommets—156, 202 
Sockets—236e 
Terminals—229, 247, 248e 
Terminal blocks—148, 241 


COMPONENTS, 
MECHANICAL / STRUCTURAL 


Bearings—31, 50, 183e, 189e, 19 1¢ 

Blower wheels—234e 

Bushings—202 

Couplings—183e, 194e 

Fasteners 
Bolts and nuts—202, 204e 

Gears—165, 177e, 243 

Housings and_  enclosures—19 le, 
224e 

Knobs, handles—212e, 249 

Mounting hardware—177e, 192e. 
20G6e, 238e 

Pumps—174e 

Springs—76e 

Sprockets and chain-——212e 

> 


35 


Timers 


ELECTRO- TECHNOLOGY 





PRODUCT 
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INDEX 


Components, parts and materials described in this issue's 
editorial and advertising pages. 
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COMPUTERS AND 
COMPUTING COMPONENTS 


Analog modules—212e, 22le 
Converters—142e, 180e 

Data processers—182e 

Data storage devices—184e 


Digital modules—1, 55, 61, 64e, 
228e. 


174e, 189, 

256 
Encoders—191le 
Tape mechanisms—182e 


190e, 204e, 


DRAFTING MATERIALS AND 
EQUIPMENT 


Copy machines— 173 


DRIVES 
Electrical—23, 17Ge, 178e 
Mechanical 

Constant speed—158, 191« 


INSTRUMENTS AND TEST 
EQUIPMENT 
Amplifiers—178e, 184e 


Calculators—162 


Environmental chambers 200¢e, 


242e, 244e 


Generators, electronic—17G6e, 179, 


180e, 190e 
High-voltage testers—174e 
Meters—176e, 192e, 24G6e 
Oscilloscopes—39 


Power supplies—137, 174e, 17G6e 
177e, 182e, 221, 232, 242 


Recorders—Back cover, 155, 170, 


186e, 189e, 202e 

Special test 
202e, 204, 242e, 244e, 
248e, 250e 


Voltage regulators—177e 


MATERIALS, 

ELECTRICAL /ELECTRONIC 

Conductive 
239, 251 

Contact materials—18, 38 

Insulation and dielectrics 


Casting resins — 174e, 17Ge, 


186e, 237, 243 
Ceramics and glass—196e, 251 
Fabricated parts—(see: Serv- 

ices) 
Fiber—17, 190e 
Laminates — 157, 182, 

997 

Vica—143, 184e 
Molding compounds 

180e, 190, 190e, 194¢ 
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equipment — 134e, 
174e, 176e, 182e, 189e, 198e, 


24G6e, 


materials—18, 26, 


natoe 


adirat 


174e, 178e, 200 
17Ge, 1S8Ge 


Tape 
Tl ubing—30, 160, 
206e, 210e, 224 

Magnetic materials 
Alloys—198e 
Electrical steel—23}3 

Semiconductor materials — 18Ge, 
194e 

Silicones—49 

Wire and cable—(see: Compon- 
ents, Electrical/Electronic ) 


MATERIALS, 
MECHANICAL / STRUCTURAL 


Adhesives, waxes—191le, 229, 237 
Fabricated parts—(see: Services) 
Metal forms 

Tubing—226 
Metals 

Alloys, general—\96e 

Copper, brass, bronze—175, 

196e, 226, 239 
Steel—176e 


MOTORS AND GENERATORS 


Fractional hp motors—2, 53, 181, 


184, 212, 226, 228e, 240, 240e, 


247, 255 
Gearmotors—212, 221 
Generators—182e, 22 
Integral hp motors—2 
Precision—172 
Special—141, 196, 

255 


Synchronous motors—141 


9, 182e 


PRODUCTION EQUIPMENT, 
TOOLS 


Coil winding—174e, 227 

Lacing tape—210 

Layout fluid—229 

Marking devices—235 
Pliers—177e 

Processing equipment—166, 204e 
Wiring machines—?29 

Wiring tools—10 


SERVICES, MATERIALS AND 
COMPONENT FABRICATION 


Ceramics 
252 

Coil winding—227 

Metal fabrication—167, 247 

Plastics 


227 


SERVICES, MISCELLANEOUS 


Employment—244 


Transistor-characteristic file—178e 


Transportation—? | 


216e, 2408, 


fabrication—185, 250, 


fabrication—184, 202, 


Multiple Circuit 
Rt mahog 


aslowas 


*,014 


per circuit 


Low cost—from 3 to 60 circuits 
Positive polarity 
Fast simple assembly 
Snap-lock terminals 
Terminals automatically crimp 
to wires 

RATED: 61/2 amps per connection 

125/250 V a-c 


Call or Write 


MOLEX PRODUCTS CO. 


9515 Southview Ave. © Brookfield, Ill. 


HUnter 5-5881 
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Cut 
to your 
specifications 


Relay Protection 


with 
LOW AMP 


miniature 


CIRCUIT 
BREAKER 


Low Cost—High 
Quality 


Prevents freezing and 
burnouts 


Eliminates service 
calls and replace- 
ments 


RATED: 50 milliamps 


Call or Write to 25 amps, 240 V ac 


PRODUCTS COMPANY OF AMERICA 


6284 N. Cicero Ave. @ Chicago 46, Ill. @ Kildare 5-1553 
E-T-A PRODUCTS OF CANADA, LTD 
265 Craig St. West—Montreal 1, Que 
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FUNCTIONS 


Sa 


SPEED DETECTING; 


Ma: 


A single SYNPRO-TEX speed 
detecting governor actuates fuel 
supply only after proper amount 
of air is furnished; then governor 
automatically shuts off fuel in 
event of blower failure for any 
reason. 


This is just one example of how 
TORQ governors can inter-con- 
nect as well as control, sequence, 
and limit functions by detecting 
speeds. 


TORQ governors can actuate at 
a single limit or a high and low 
limit in one or many speed ranges 
from zero to more than 15,000 
rpm. They are designed on a 
patented principle which virtually 
eliminates operating friction, and 
which results in positive snap- 
action for a service life in excess 
of 1,500,000 cycles. 


Write today for 
Bulletin No. 250 


Patents & Patents Pending 


TORQ ENGINEERED PRODUCTS, INC. 
34 West Monroe Steet Bedford, Ohio 
Phone: BEdford 2-4100 
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Bodine Electric Co. 2 


Electro-Technology 


Formerly Electrical Manufacturing 


205 East 42 Street, New York 17, 


N. Y. Telephone: MU 9-3250 
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GENERAL INDUSTRIES 


SMOOTH 
POWER 


AC MOTOR 

with extra large lubricant 

reservoirs for long range 
peak efficiency ! 


MODEL “H’ 2-Pole, Shaded-Pole Motor 
1/550 to 1,90 H.P., designed and con- 
structed with features that assure thou- 
sands of extra hours of service under 
the most adverse operating conditions. 


OIL CAPACITY MANY 
TIMES GREATER THAN 
CONVENTIONAL MOTORS 


Oversized oil bearing reservoirs hold 
considerably more oil and wicking. A 
revolutionary new method of packing the 
wicking assures equal distribution of 
oil at all times resulting in quieter oper- 
ation and longer trouble-free life. 


DIE-CAST BEARING BRACKET 


The new “H” motor design includes a 
rugged die-cast bear- 
ing bracket that in- 
sures permanent pre- 
cision alignment and 
adds to the over-all 
durability. 

Motors For Alll See Our Catalog in 


Vane SWEETS 


Applications 7a-Gen 


1/1800 to 1/35 H.P. Se 


or write for copy 


Quantity Price Quotation 
On Request 


a ese 


DEPARTMENT GL * ELYRIA, OHIO 


Circle 279 on Inquiry Card 255 





A. W. Haydon’s microminiature elapsed time indi- 
cators and events counters are to electronics what 
‘‘Jo Blocks” (Johanssen gages) are to metalworking 
—precisely accurate standards that are much more 
reliable than what they measure. Adapted from our 
earlier (and very successful) sub-miniature indica- 
tors, these microminiature timers have the unques- 
tioned dependability: that only A. W. Haydon’s sta- 
tistical production testing can provide...yet you 
can fit 100 of them into a 5” square (1) We believe 
this new ETI is the world’s smallest—only 4% cubic 
inch. We know it is better than 99.9% accurate... 
exceeds requirements of MIL-M-26550.... withstands 
20g, 2000 cycles vibration...weighs only 0.75 oz.... 
temperature range is —65° to +250°F...and runs 
on a half watt, 115 v, 400-cycle power. Digital read- 
out in hours, up to 999.9 or 9999. Companion events 
counters also provide 4 digit readout. Both of these 
units are available with a wide variety of compatible 
mountings (1) For complete details on these tiny 
titans of time, or on any other electromechanical or 
electronic timing device to suit your special require- 
ments, write The A. W. Haydon Company today. 


AYDON 


COMPANY 


234 North Elm Street, Waterbury 20, Connecticut 


Circle 280 on Inquiry Card 


Open this folder out 
for convenience in checking 


your Inquiry Cards 


ONE Reader Inquiry Service post- 
card (king-size for legibility) will 
bring you additional information re- 
garding material published in this 
issue—either advertising or editorial 
pages. 

Editorial items and = advertise- 
ments have been assigned a key 
number; corresponding numbers ap 
pear in the respective grouping of 
the Reader Inquiry Service postcards 
on the facing pages. 

Simply circle the numbe-s that 
apply to specific items in which you 
are interested. Your information re- 
quests will be forwarded promptly— 
within 48 hours of receipt of card. 
To expedite, please print or type 
your name and address. 


ee me A 


header 
Inquiry 


ervice 


Sh te ems ae ME 


e ADVERTISED PRODUCTS 


For more information on products 
advertised, circle the number in- 
dicated at bottom of each adver 
tisement. 


REPRINTS OF EDITORIAL 
FEATURES 


Article reprints available without 
charge are listed on page 164. 
For Science & Engineering re- 
see Order Form on page 
169. 


NEW LITERATURE 


Latest catalog and bulletin offer- 
ings start on page 174. 


NEW COMPOUNDS AND 
MATERIALS 


Reviews of new developments 
start on page 204. 


Cards will be processed by Publish- 
er if received by November 1, 1961 


Open this folder out 
elma hcl le Me ele a 1iT 


your Inquiry Cards 
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ADVERTISED PRODUCTS OR SERVICES NEW COMPONENTS 






NEW LITERATURE e32 

























































































































































































101 133 165 197 229 261 293 325 358 424 457 520 539 558 577 756 775 794 813 833 853 
102 134 166 230 262 294 326 359 425 458 | 502 521 540 559 578 598 618 638 658 678 698 718 728 | 757 776 795 814 834 
103 135 167 199 231 263 295 327 360 426 459 | 503 522 541 560 579 599 619 639 659 679 699 719 739| 758 777 796 815 
104 136 168 200 232 264 296 328 361 427 460 | 504 523 542 561 580 600 620 680 700 720 740 | 759 778 797 816 
105 137 169 201 233 265 297 329 362 428 461 | 505 524 543 562 581 601 621 681 701 721 741 | 760 779 798 817 
106 138 170 234 266 298 330 363 429 462 | S06 525 544 563 582 602 622 702 722 742 | 761 780 799 818 
139 299 430 463 | 507 526 545 564 583 603 623 703 723 743 | 762 781 800 819 
108 140 236 268 300 332 365 431 464 | 508 527 546 565 584 604 624 704 724 744 | 763 782 820 
103 432 465 | 509 528 547 566 585 605 764 783 802 821 
238 270 302 334 367 433 466 | 510 529 548 567 586 606 784 803 822 
111 143 175 239 271 303 335 368 434 467 | 511 530 549 568 587 607 766 804 823 
112 144 176 240 272 304 336 369 435 468 550 608 786 805 824 
305 337 469 551 609 768 806 825 
242 306 338 788 





826 
827 
828 
829 
830 
831 





243 
244 
245 
246 






790 










792 
7393 
















= REPRINTS 


$01 903 905 
902 904 906 


















250 





252 
253 














254 Individual 
255 Title Dept. or Div. 
256 
128 161 183 225 257 289 321 353 386 419 452 Company 
Street City Zone State 
259 
260 
Not good after November 1, 1961 c September @ 1961 




















ADVERTISED PRODUCTS OR SERVICES 357 390 423 456 | NEW COMPONENTS NEW LITERATURE e32 





























































































101 133 165 197 229 261 293 325 358 391 424 457 520 539 558 577 597 617 637 657 677 697 717 737 756 775 794 813 833 853 
102 134 166 198 230 262 294 326 359 392 425 458 521 540 559 578 757 776 795 814 834 854 
103 135 167 199 231 263 295 327 360 393 426 459 522 560 579 758 777 796 815 835 855 
104 136 168 200 232 264 296 328 361 394 427 460 523 561 580 759 778 797 816 836 856 
105 137 169 201 233 265 297 329 362 395 428 461 524 562 581 760 779 798 817 &37 857 
106 138 170 234 266 298 330 363 396 462 525 563 582 761 780 799 818 838 858 
107 139 171 235 267 289 331 364 397 463 | 507 526 564 583 623 703 723 743 | 762 781 800 819 839 859 
108 140 236 268 300 332 365 398 464 | 508 527 565 584 763 782 801 820 840 860 
109 237 269 301 333 366 399 465 | 509 528 566 585 764 783 802 821 841 261 
142 238 302 367 400 466 | 510 529 567 586 765 784 803 822 842 862 
111 143 175 207 238 271 303 368 401 467 | 511 530 568 587 607 766 785 804 823 843 863 
112 144 176 208 240 272 304 369 402 468 | 512 531 569 588 608 767 786 805 824 844 864 
113 145 177 208 241 273 305 370 403 469 589 768 787 806 825 845 865 
114 146 178 210 242 274 306 371 404 470 769 788 807 826 846 866 
115 147 179 211 243 275 307 372 405 471 770 789 808 827 847 867 
116 148 180 212 244 276 308 373 406 472 771 790 809 828 848 868 
309 407 869 

118 150 182 214 246 278 310 375 408 474 

409 








120 152 184 216 248 280 312 377 410 


REPRINTS 
901 903 905 
902 904 906 


















122 154 186 218 250 282 314 
123 155 187 219 251 283 315 


378 412 
380 413 
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124 156 188 220 252 284 316 381 414 480 
125 157 189 221 253 285 317 382 415 481 
Individual 
126 158 190 222 254 286 318 383 416 482 
127 159 191 223 235 287 319 351 384 417 483 Title Dept. or Div. 
128 160 182 224 256 268 320 352 385 418 484 
128 161 193 225 257 289 321 353 386 419 485 Company 
130 162 194 226 258 290 322 354 387 420 486 Saat City oe State | 
131 163 195 227 259 291 323 355 388 421 487 
164 260 324 389 488 





Not good after November 1, 1961 D September @ 1961 











ADVERTISED PRODUCTS OR SERVICES 
101 133 197 229 261 293 325 


NEW COMPONENTS 
501 520 539 558 577 597 617 637 657 677 697 717 737 






NEW LITERATURE 932 
756 775 794 813 833 853 
























































































































































































































































































































































102 134 198 230. 262 294 326 521 540 559 578 598 618 638 658 678 698 718 738 | 757 776 795 814 834 
103 135 199 231 263 295 327 522 541 560 579 599 619 639 659 679 699 719 739] 758 777 815 835 
104 136 200 232 264 296 328 523 542 561 580 600 620 640 660 680 700 720 740 | 759 778 797 816 836 856 
105 137 233 265 297 329 524 543 562 581 601 621 641 661 681 701 721 741 | 760 779 817 

106 138 170 202 234 266 298 330 363 396 429 462 | 506 525 544 563 582 602 622 642 662 682 702 722 742 | 761 780 818 

107 139 171 203 235 267 299 331 364 397 430 463 | 507 526 545 564 583 603 623 643 663 683 703 723 743 | 762 781 819 

108 140 172 204 236 268 300 332 365 398 431 464 | 508 527 546 565 584 604 624 644 664 684 704 724 744] 763 782 820 

109 141 173 205 237 269 301 333 366 399 432 465 528 585 605 625 645 665 685 705 725 745 | 764 783 821 

110 142 174 206 238 270 302 334 367 400 433 466 529 586 606 626 646 666 686 706 726 746 784 822 

111 143 175 207 239 271 303 335 368 401 434 467 530 607 766 785 823 

112 144 176 208 240 272 304 336 369 402 435 468 531 588 608 628 648 G68 688 708 728 748 786 824 

113 145 177 209 241 273 305 337 370 403 436 469 532 609 787 825 












114 146 178 210 242 274 306 
147 307 
148 308 
149 309 
150 
151 
152 
153 
154 
155 
156 
157 


533 590 610 630 650 670 690 710 730 750 
534 553 572 591 611 631 651 671 691 711 731 751 
535 554 573 592 612 632 652 672 692: 712 732 752 
536 555 574 593 613 633 653 673 693 713 733 753 
537 556 575 594 614 634 654 674 694 714 734 754 
538 557 576 595 615 635 655 675 695 715 735 755 


REPRINTS 907 910 
901 993 905 908 911 
902 904 906 909. 912 


788 
789 
790 
791 
792 
733 


826 
827 
828 
829 
830 











































































































































158 Individual 
159 Title Dept. or Div. 
160 
161 Company 
Ned Street City Zone State 
163 
164 
Not good after November 1, 1961 A September @ 1961 












ADVERTISED PRODUCTS OR SERVICES 
101 133 165 197 229 261 293 325 358 391 424 457 
102 134 166 198 230 262 294 326 359 392 425 458 
103 135 167 199 231 263 295 327 360 393 426 459 
104 136 168 200 232 264 296 328 361 394 427 
105 137 169 201 233 265 297 329 362 395 428 461 
106 138 170 202 234 266 298 330 363 396 429 
107 138 171 203 235 267 299 331 364 397 
108 140 172 204 236 268 300 332 365 398 431 
301 399 
302 400 
303 
304 





NEW COMPONENTS 
501 520 539 558 577 
502 521 540 559 578 
503 522 560 579 
504 523 561 580 
595 524 581 
506 525 582 
507 526 583 603 623 
527 584 604 624 
528 585 
529 586 
530 
531 
532 
533 
534 
535 
536 
537 
538 


REPRINTS 
901 903 905 
902 904 906 


NEW LITERATURE 832 
756 775 794 813 833 
757 776 795 814 834 
758 777 796 815 835 
759 778 797 816 836 
760 779 798 817 837 
761 780 799 818 838 
762 781 800 819 839 
763 782 801 820 840 
764 783 802 821 841 
784 822 842 
823 843 
824 844 
825 845 865 
826 846 
827 847 
828 848 
829 849 
830 850 

































































































































































































683 703 723 743 
684 704 724 744 
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109 141 173 205 237 269 333 366 432 
110 142 174 206 238 270 334 367 
111 143 175 207 239 271 335 368 401 434 
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112 144 176 208 240 272 
113 145 177 209 241 273 305 337 370 436 469 
114 146 178 210 242 274 306 338 371 437 470 


402 588 
403 
404 
115 147 179 211 243 275 307 339 372 405 438 471 
406 
407 
408 
409 





336 369 435 468 
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116 148 180 212 244 276 308 340 373 439 472 
245 
246 
247 
248 
249 
250 
251 
252 
253 
254 
255 
256 
129 161 193 225 257 289 321 353 419 452 
258 
259 
260 




























































Individual 








Title Dept. or Div. 


eee ED 


Company 








Street City Zone State , 





Not good after November 1, 1961 B September @ 1961 
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Now Available for Quick Delivery 
RACK anD PANEL CONNECTORS 


SERIES DTD-156 


ee esemeitouninntndiaminaliis 


@ MAXIMUM (10 amps.) CONTACTS IN MINIMUM SPACE 

@ CONTACTS FINISHED WITH SILVER AND/OR GOLD PLATING 
@ DIECAST ALUMINUM ALLOY SHELL 

@ SCREW-TYPE FASTENER FOR QUICK ENGAGEMENT 

@ INSERTS MOLDED MATERIALS PER MIL SPECIFICATIONS 


Especially adaptable to extremely complex cir- 
cuitry, these rack and panel connectors are avail- 
able in a wide selection of contact inserts. Male 
and female contacts are interchangeable in the 
field as a sub-assembly. For further details write 
for Catalog Specification Sheet Form No. DTD- 
2/60. Also state requirements desired in contacts 
or arrangements. 


SERIES DTD-78 


For full details and complete technical specifications, contact OMATON DIVISION 


BURNDY 


NORWALK, CONNECT. BICC-BURNDY Ltd. Prescot, Lancs., England in Europe: Malines, Belgium TORONTO, CANADA 
Circle 102 on Inquiry Card 
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The totally new Brush Recorder Mark 200 made these incredibly crisp tracings. No other recorder in 
existence can match them. Note the line width. It never varies . . . regardless of writing velocity, regardless 
of chart speed. The writing mechanism is electrically signaled by the position-seeking ‘‘Metrisite’’ transducer 
. no parts to wear, infinite resolution, verifiable dynamic '2% accuracy. Traces are permanent, high- 
contrast, reproducible . . . on low cost chart paper. The Mark 200 has but three standard controls... 
attenuator, pen position, chart speed. Such fidelity, simplicity and economy are possible with no other direct 
writing recorder. Write for details 
... they’ll speak for themselves. — brush INSTRUMENTS 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
coesceation 


Circle 103 on Inquiry Card 





